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Introduction 

MicroUnity's Zeus Architecture describes general-purpose processor, memory, and interface 
subsystems, organized to operate at the enormously high bandwidth rates required for 
broadband applications. 

The Zeus processor performs integer, floating point, signal processing and non-linear 
operations such as Galois field, table lookup and bit switching on data sizes from 1 bit to 
128 bits. Group or SIMD (single instruction multiple data) operations sustain external 
operand bandwidth rates up to 512 bits (i.e., up to four 128-bit operand groups) per 
instruction even on data items of small size. The processor performs ensemble operations 
such as convolution that maintain full intermediate precision with aggregate internal operand 
bandwidth rates up to 20,000 bits per instruction. The processor performs wide operations 
such as crossbar switch, matrix multiply and table lookup that use caches embedded in the 
execution \mits themselves to extend operands to as much as 32768 bits. All instructions 
produce at most a single 128-bit register result, source at most three 128-bit registers and are 
free of side effects such as the setting of condition codes and flags. The instruction set 
design carries the concept of streamlining beyond Reduced Instruction Set Computer (RISC) 
architectures, to simplify implementations that issue several instructions per machine cycle. 

The Zeus memory subsystem provides 64-bit virtual and physical addressing for UNIX, 
Mach, and other advanced OS environments. Separate address instructions enable the 
division of the processor into decoupled access and execution units, to reduce the effective 
latency of memory to the pipeline. The Zeus cache supplies the high data and instruction 
issue rates of the processor, and. supports coherency primitives for scaleable multiprocessors. 
The memory subsystem includes mechanisms for sustaining high data rates not only in block 
transfer modes, but also in non-unit stride and scatterred access patterns. 

The Zeus interface subsystem is designed to match industry-standard "Socket 7" protocols 
and pin-outs. In this way, Zeus can make use of the immense infrastructure of the PC for 
bxiilding low-cost systems. The interface subsystem is modular, and can be replaced with 
appropriate protocols and pin-outs for lower-cost and higher-performance systems. 

The goal of the Zeus architecture is to integrate these processor, memory, and interface 
capabilities with optimal simplicity and generality. From the software perspective, the entire 
machine state consists of a program counter, a single bank of 64 generd-purpose 128-bit 
registers, and a linear byte-addressed shared memory space with mapped interface registers. 
All interrupts and exceptions are precise, and occur with low overhead. 

This document is intended for Zeus software and hardware developers alike, and defines the 
interface at which their designs must meet. Zeus pursues the most efficient tradeoffs 
between hardware and software complexity by making all processor, memory, and interface 
resources direcdy accessible to high-level language programs. 
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Conformance 

To ensure that Zeus systems may freely interchange data, user-level programs, system-level 
programs and interface devices, the Zeus system architecture reaches above the processor 
level architecture. 

Mandatory and Optional Areas 

A computer system conforms to the requirements of the Zeus System Architecture if and 
only if it implements all the specifications described in this document and other 
specifications included by reference. Conformance to the specification is mandatory in all 
areas, including the instruction set, memory management system, interface devices and 
external interfaces, and bootstrap ROM fvmctional requirements, except where explicit 
options are stated. 

Optional areas include: 

Number of processor threads 
Size of first-level cache memories 
Existence of a second-level cache 
Size of second-level cache memory 
Size of system-level memory 

Existence of certain optional interface device interfaces 

Upward-compatible Modifications . 

From time to time, MicroUnity may modify the architecture in an upward-compatible 
manner, such as by the addition of new instructions, definition of reserved bits in system 
state, or addition of new standard interfaces. Such modifications will be added as options, so 
that designs that conform to this version of the architecture will conform to future, modified 
versions. 

Additional devices and interfaces, not covered by this standard may be added in specified 
regions of the physical memory space, provided that system reset places these devices and 
interfaces in an inactive state that does not interfere with the operation of software that runs 
in any conformant system. The software interface requirements of any such additional 
devices and interfaces must be made as widely available as this architecture specification. 

Promotion of Optional Features 

It is most strongly recommended that such optional instructions, state or interfaces be 
implemented in aU conforming designs. Such implementations enhance the value of the 
features in particular and the architecture as a whole by broadening the set of 
implementations over which software may depend upon the presence of these features. 

Implementations that fail to implement these features may encounter unacceptable levels of 
overhead when attempting to emulate the features by exception handlers or use of virtual 
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memory. This is a particular concern when involved in code that has real-time performance 
constraints. 

In order that upward-compatible optional extensions of the original Zeus system 
architecture may be relied upon by system and application software, MicroUnity may upon 
occasion promote optional features to mandatory conformance for implementations 
designed or produced after a suitable delay upon such notification by publication of future 
version of the specification. 

Unrestricted Physical Implementation 

Nothing in this specification should be construed to limit the implementation choices of the 
conforming system beyond the specific requirements stated herein. In particular, a computer 
system may conform to the Zeus System Architecture while employing any number of 
components, dissipate any amount of heat, require any special environmental facilities, or be 
of any physical size. 

Draft Version 

This document is a draft version of the architectural specification. In this form, conformance 
to this document may not be claimed or implied. MicroUnity may change this specification 
at any time, in any manner, until it has been declared final. When this document has been 
declared final, the only changes will be to correct bugs, defects or deficiencies, and to add 
upward-compatible optional extensions. 
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Common Elements 

Notation 

The descriptive notation used in this docximent is summarized in the table below: 



X + y 


two's complement addition of x and y. Result is the same size 
as the operands, and operands must be of equal size. 


X - y 


two's complement subtraction of y from x. Result is the same 
size as the operands, and operands must be of equal size. 


X * y 


two's complement multiplication of x and y. Result is the same 
size as the operands, and operands must be of equal size. 


x/y 


two's complement division of x by y. Result is the same size 
as the operands, and operands must be of equal size. 


X & y 


bitwise and of x and y. Result Is same size as the operands, 
and operands must be of equal size. 


X 1 y 


bitwise or of x and y. Result is same size as the operands, 
and operands must be of equal size. 


X y 


bitwise exclusive-of of x and y. Result is same size as the 
operanas, ana operancs must oe or equal size. 


mm V 

A 


Diiwise inversion or x. Kesuii is same size as tne operand. 


X = y 


two's complement equality comparison between x and y. 
KcsuiL IS a single oil, ana operanas must oe or equal size. 


X 5^ y 


two's complement Inequality comparison between x and y. 
ixesuiL IS a sinqie dii, ana operanas must oe or equal size. 


X < y 


two's complement less than comparison between x and y. 
KesuiL IS a sinqie oii, ana operanas musi oe or equal size. 


X > y 


two's complement greater than or equal comparison between 
A ana y. Kesuii is a singie oil, ana operanas must oe or equal 
size. 


^/x 


float! no- Doint sauare root of x 


X 1 1 V 


rr\r\r^t^n^tir\n nf hif fiolH v tr\ loft* r\f Kit* fiolH \/ 
IV.CILCI laUUi 1 KJf UIL IICIU A LQ IClL Ol Ull nciU y 




binary digit x repeated, concatenated y times. Size of result is 

y- 




extraction of bit y (using little-endian bit numbering) from 
value X. Result is a single bit 


^y..z 


extraction of bit field formed from bits y through z of value 
X. Size of result is y-z+I; if z>y, result Is an empty string. 


x7y:z 


value of y. If x is true, otheoA^ise value of z. Value of x is a 
single bit. 


X ^ y 


bitwise assignment of x to value of y 


Sn 


signed, two's complement binary data format of n bytes 


Un 


unsigned binary data format of n bytes 


Fn 


floatinq-point data format of n bytes 



descriptive notation 
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Bit ordering 

The ordering of bits in this document is always littie-endian, regardless of the ordering of 
bytes within larger data structures. Thus, the least-significant bit of a data structure is always 
labeled 0 (zero), and the most-significant bit is labeled as the data structure size Qn bits) 
minus one. 

Memory 

Zeus memory is an array of 2^ bytes, without a specified byte ordering, which is physically 
distributed among various components. 

7 0 

byte 0 
byte 1 
byte 2 



byte 2*^-1 

8 

Byte 

A byte is a single element of the memory array, consisting of 8 bits: 

7 0 
I byte I 
8 

Byte ordering 

Larger data structures are constructed from the concatenation of bytes in eidier litde-endian 
or big-endian b5rte ordering. A memory access of a data structure of si2e s at address i is 
formed from memory bytes at addresses i through i+s-1. Unless otherwise specified, there is 
no specific requirement of alignment it is not generally required diat i be a multiple of s. 
Aligned accesses are preferred whenever possible, however, as they will often require one 
fewer processor or memory clock cycle than unaligned accesses. 

With litde-endian byte ordering, the bytes are arranged as: 

s*8'1 $*8-8 15 87 0 

I byte l^s-t I ... I byte Kl | byte I | 

8 8 8 
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With big-endian byte ordering, the bytes arc arranged as: 

5*8-1 s*8-8 s*8-9 s*8-16 7 0 

I byte I I byt l-i-l I .„ | byte Ks-I \ 

8 8 8 

Zeus memory is byte-addressed, using cither litde-endian or big-endian byte ordering. For 
consistency with the bit ordering, and for compatibility with x86 processors, Zeus uses litde- 
endian byte ordering when an ordering must be selected, Zeus load and store instructions 
are available for both littie-endian and big-endian byte ordering. The selection of byte 
ordering is dynamic, so that litde-endian and big*endian processes, and even data structures 
within a process, can be intermixed on the processor. 

Memory read/load semantics 

Zeus memory, including memory-mapped registers, must conform to the following 
requirements regarding side-effects of read or load operations: 

A memory read must have no side-effects on the contents of the addressed memory nor on 
the contents of any other memory. 

Memory write/store semantics 

Zeus memory, including memory-mapped registers, must conform to the following 
requirements regarding side-effects of read or load operations: 

A memory write must affect the contents of the addressed memory so that a memory read 
of the addressed memory returns the value written, and so that a memory read of a portion 
of the addressed memory returns the appropriate portion of the value written. 

A memory write may affect or cause side-effects on the contents of memory not addressed 
by the write operation, however, a second memory write of the same value to the same 
address must have no side-effects on any memory; memory write operations must be 
idempotent 

Zeus store instructions that are weakly ordered may have side-effects on the contents of 
memory not addressed by the store itself; subsequent load instructions which are also weakly 
ordered may or may not return values which reflect the side-effects. 

Data 

Zeus provides eight-byte (64-bit) virtual and physical address sizes, and eight-byte (64-bit) 
and sixteen-byte (128-bit) data path sizes, and uses fixed-length four-byte (32-bit) 
instructions. Arithmetic is performed on two's-complement or unsigned binary and 
ANSI/IEEE standard 754-1985 conforming binary floating-point number representations. 
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Fixed-Doint Data 
Bit 

A bit is a primitive data element: 

0 

? 

Peck 

A peck is the catenation of two bits: 

1 0 
2 

Nibble 

A nibble is the catenation of four bits: 

3 0 



4 

Byte 

A byte is the catenation of eight bits, and is a single element of the memory array: 

7 0 

r~ byte i 
8 

Doublet 

A doublet is the catenation of 16 bits, and is the catenation of two hytes: 

15 0 

r doublet I 

16 

Quartet 

A quadlet is the catenation of 32 bits, and is the catenation of four bytes: 



quadlet | 

32 
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Octlet 

An ocdet is the catenation of 64 bits, and is the catenation of eight bytes: 

63 32 

octlet63..32 

32 



I octlet3|..o 

32 

Hexlet 

A hexlet is the catenation of 128 bits, and is the catenation of sixteen bytes: 



127 




96 


1 


hexlet 127..96 






32 




95 




64 


hexlet95..64 | 




32 




63 




32 


1 hexlet63..32 | 




32 




31 




0 


1 hexlet3i..o | 


32 
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Triclet 

A triclet is the catenation of 256 bits, and is the catenation of thirty-two bytes: 



255 




224 


trlclet255..224 




32 




223 




192 


1 trlclet223..l92 




32 




I9t 




160 


1 triclet 19 1. .160 




32 




159 




128 


triclet 159.. 128 | 




32 




127 




96 


1 triclet I27..96 




32 




95 




64 


1 triclet95..64 | 




32 




63 




32 


1 trlclet63„32 




32 




31 




0 


1 trlclet3i..o 



32 



Address 

Zeus addresses, both virtual addresses and physical addresses, are ocdet quantities. 

Floatino-potnt Data 

Zeus's floating-point fomiats are designed to satisfy ANSI/IEEE standard 754-1985: Binary 
Floating-point Arithmetic. Standard 754 leaves certain aspects to the discretion of 
implementers: additional precision fomats, encoding of quiet and signaling NaN values, 
details of production and propagation of quiet NaN values. These aspects are detailed below. 

Zeus adds additional half-precision and quad-precision formats to standard 754's single- 
precision and double-precision formats. Zeus's double-precision satisfies standard 754's 
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precision requirements for a single-extended fomiat, and Zeus's quad-precision satisfies 
standard 754's precision requirements for a double-extended format. 

Each precision format employs fields labeled s (sign), e (exponent), and f (fraction) to 
encode values that are (1) NaN: quiet and signaling, (2) infinities: (-l)^Soo^ (3) nonnalized 
numbers: (-l)^s2Ae-bias(i.£)^ (4) denormaUzed numbers: (.l)^82Al-bias(o.f), and (5) zero: 
(-I)^SO. 

Quiet NaN values are denoted by any sign bit value, an exponent field of all one bits, and a 
non-zero fraction with the most significant bit set Quiet NaN values generated by default 
exception handling of standard operations have a zero sign bit, an exponent field of all one 
bits, a fraction field with the most significant bit set, and all other bits cleared. 

Signaling NaN values are denoted by any sign bit value, an exponent field of all one bits, and 
a non-zero fraction with the most significant bit cleared. 

Infinite values are denoted by any sign bit value, an exponent field of all one bits, and a zero 
fraction field. 

Normalized number values are denoted by any sign bit value, an exponent field that is not all 
one bits or all zero bits, and any firaction field value. The numeric value encoded is 
(-l)AS2Ae-bias(i f)^ The bias is equal the value resxilting from setting all but the most 
significant bit of the exponent field, half: 15, single: 127, double: 1023, and quad: 16383. 

DenormaUzed number values are denoted by any sign bit value, an exponent field that is all 
zero bits, and a non-zero fraction field value. The numeric value encoded is (-1)^*2'^^- 
bias(0.f). 

Zero values are denoted by any sign bit value, and exponent field that is all zero bits, and a 

fraction field that is all zero bits. The numeric value encoded is (-1)^*0. The distinction 
between +0 and -0 is significant in some operations. 

HalNprecision Floating-point 

Zeus half precision uses a format similar to standard 754*s requirements, reduced to a 16-bit 
overall format The format contains sufficient precision and exponent range to hold a 12-bit 
signed integer. 

1514 10? 0 



t 5 10 
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SinQle-precision FloatinQ-potnt 

Zeus single precision satisfies standard 754's requirements for "single.' 
3130 2322 

Isl 



Common Elements 



I 



I 8 23 

Double-precision Floating-point 

Zeus double precision satisfies standard 754's requirements for "double." 



6362 




5251 




32 




e 


1 




1 


1 


11 




20 




31 0 










1 f3I..O 1 
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Quad-precision Floating-point 

Zeus quad precision satisfies standard 754's requirements for "double extended," but has 
additional fraction precision to use 128 bits. 

I27I26 
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Zeus Processor 

MicroUnity's Zeus processor provides the general-purpose, high-bandwidth computation 
capability of the Zeus system. Zeus includes high-bandwidth data paths, register files, and a 
memory hierarchy. Zeus's memory hierarchy includes on-chip instruction and data 
memories, instruction and data caches, a virtual memory facility, and interfaces to external 
devices. Zeus's interfaces in the initial implementation are solely the "Super Socket 7" bus, 
but other implementations may have different or additional interfaces. 

Architectural Framework 

The Zeus architecture defines a compatible framework for a family of implementations with 
a range of capabilities. The following implementation-defined parameters are used in the rest 
of the document in boldface. The value indicated is for MicroUnity's first Zeus 
implementation. 



Parame 
ter 


Interpretation 


Value 


Range of legal values 


T 


number of execution tlireads 


4 


1 ^ T £ 31 


CE 


log2 cache blocks in first-level 
cache 


9 


0 ^ CE £ 31 


CS 


log2 cache blocks in first-level 
cache set 


2 


0 < CS < 4 


CT 


existence of dedicated tags in 

first-level cache 


I 


0 ^ CT ^ 1 


LE 


log2 entries in local TB 


0 


0 :S LE < 3 


LB 


Local TB based on base register 


I 


0 ^ LB ^ I 


GE 


log2 entries in global TB 


7 


0 ^ GE ^ 15 


GT 


log2 threads which share a 
global TB 


1 


0 £ GT ^ 3 



Interfaces and Block Diagram 

The first implementation of Zeus uses "socket 7" protocols and pinouts. 

Instruction 



Assembler Syntax 

Instructions are specified to Zeus assemblers and other code tools (assemblers) in the syntax 
of an instruction mnemonic (operation code), then optionally white space (blanks or tabs) 
followed by a list of operands. 

The instruction mnemonics listed in this specification are in upper case (capital) letters, 
assemblers accept either upper case or lower case letters in the instruction mnemonics. In 
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this specification, instruction mnemonics contain periods ("Z*) to separate elements to make 
them easier to understand; assemblers ignore periods within instruction mnemonics. The 
instruction mnemonics are designed to be parsed xmiquely without the separating periods. 

If the instruction produces a register result, this operand is listed first. Following this 
operand, if there are one or more source operands, is a separator which may be a comma 
equal ("n'*)^ or at-sign ("@"). The equal separates the result operand from the source 
operands, and may optionally be expressed as a comma in assembler code. The at-sign 
indicates that the result operand is also a source operand, and may optionally be expressed as 
a comma in assembler code. If the instruction specification has an equal-sign, an at-sign in 
assembler code indicates that the result operand should be repeated as the first source 
operand (for example, "A.ADD.I r4@5" is equivalent to "AjyDD.I r4=r4,5"). Commas 
always separate the remaining source operands. 

The result and source operands are case-sensitive; upper case and lower case letters are 
distinct. Register operands are specified by the names rO (or rOO) through r63 (a lower case 
*Y* immediately followed by a one or two digit number from 0 to 63), or by the special 
designations of "Ip" for "rO," "dp" for "rl," "fp" for "r62," and "sp" for "r63." Integer- 
valued operands are specified by an optional sign (-) or (+) followed by a number, and 
assemblers generally accept a variety of integer-valued expressions. 

Instruction Structure 

A Zeus instruction is specifically defined as a four-byte structure with the litde-endian 
ordering shown below. It is different firom the quadlct defined above because the placement 
of instructions into memory must be independent of the byte ordering used for data 
structures. Instructions must be aligned on four-byte boundaries; in the diagram below, i 
must be a multiple of 4, 

3J 24 23 16 15 87 0 

I byte I-I-3 | byte 1+2 | byte l+l | byte I | 

8 8 8 8 

Gateway 

A Zeus gateway is specifically defined as an 8-byte structure with the litde-endian ordering 
shown below. A gateway contains a code address used to securely invoke a system call or 
procedure at a higher privilege level. Grateways are marked by protection information 
specified in the TB. Gateways must be aligned on 8-byte boundaries; in the diagram below, i 
must be a multiple of 8. 



63 


56 55 


48 47 


40 39 


32 


1 


byte i-t-7 i 


byte i+6 | 


byte i-i-5 | 


byte 1*4 \ 




8 


8 


8 


8 


31 


24 23 


16 15 


8 7 


0 


1 


byte I-I-3 1 


byte i-i-2 | 


byte i+1 1 


byte i 1 



8 8 8 8 



-18- 



MicroUnity 



Zeus System Architecture 



Tue,Augl7,1999 



Zeus Processor 



The gateway contains two data items within its structure, a code address and a new privilege 
level: 

63 21 0 

i code address \ pi | 

62 2 

The virtual memory system can be used to designate a region of memory as containing 
gateways. Other data may be placed within the gateway region, provided that if an attempt is 
made to use the additional data as a gateway, that security cannot be violated. For example, 
64-bit data or stack pointers which are aligned to at least 4 bytes and are in litde-endian byte 
order have pl=0, so that the privilege level cannot be raised by attempting to use the 
additional data as a gateway. 

User State 

The user state consists of hardware data structures that are accessible to all conventional 
compiled code. The Zeus user state is designed to be as regular as possible, and consists only 
of the general registers, the program counter, and virtual memory. There are no specialized 
registers for condition codes, operating modes, rounding modes, integer multiply/divide, or 
floating-point values. 

General Registers 

Zeus user state includes 64 general re^sters. All are identical; there is no dedicated zero- 
valued register, and there are no dedicated floating-point registers. 

127 0 



REGfOl 



REG[I] 



REGr21 



REGf63I 



128 

Some Zeus instructions have 64-bit register operands. These operands are sign-extended to 
128 bits when written to the register file, and the low-order 64 bits are chosen when read 
from the register file. 

Definition 

def val <- RegReadlra size) 
case size of 
64: 

val REG[rnj63..0 

128: 
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val ^ REGfrnJ 

endcase 
enddef 

def RegWrite(rn, size, val) 
case size of 
64: 

REG[rn] val63^'* ^ * val63..o 

128: 

REGfrnJ <- vali27..0 

endcase 
enddef 

Program Counter 

The program counter contains the address of the currendy executing instruction. This 
register is implicidy manipulated by branch instrucdons, and read by branch instructions that 
save a return address in a general register. 

63 2 10 

I ProgramCounter |0| 

62 2 

Privilege Level 

The privilege level register contains the privilege level of the currendy executing instruction. 
This register is implicidy manipulated by branch gateway and branch down instructions, and 
read by branch gateway instructions that save a retum address in a general register. 

10 
2 

Program Counter and Privilege Level 

The program counter and privilege level may be packed into a single ocdet. This combined 
data structure is saved by the Branch Gateway instruction and restored by the Branch Down 



instruction. 

63 2 10 

I ProgramCounter |p<| 

62 2 



System state 

The system state consists of the facilities not normally used by conventional compiled code. 
These facilities provide mechanisms to execute such code in a fiiUy virtual environment. All 
system state is memory mapped, so that it can be manipulated by compiled code. 
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Fixed-point 

Zeus provides load and store instructions to move data between memory and the registers, 
branch instructions to compare the contents of registers and to transfer control from one 
code address to another, and arithmetic operations to perform computation on the contents 
of registers, returning the result to registers. 

Load and Store 

The load and store instructions move data between memory and the registers. When loading 
data from memory into a register, values are zero-extended or sign-extended to fill the 
register. When storing data firom a register into memory, values are truncated on the left to 
fit the specified memory region. 

Load and store instructions that specify a memory region of more than one byte may use 
either litde-endian or big-endian byte ordering: the size and ordering are explicidy specified 
in the instruction. Regions larger than one byte may be either aligned to addresses that are an 
even multiple of the size of the region or of unspecified alignment: alignment checking is 
also explicidy specified in the instruction. 

Load and store instructions specify memory addresses as the sum of a base general register 
and the product of the size of the memory region and either an immediate value or another 
general register. Scaling maximizes the memory space which can be reached by immediate 
offsets from a single base general register, and assists in generating memory addresses within 
iterative loops. Alignment of the address can be reduced to checking the alignment of the 
first general register. 

The load and store instructions are used for fixed-point data as well as floating-point and 
digital signal processing data; Zeus has a single bank of registers for all data types. 

Swap instructions provide multithread and multiprocessor synchronization, using indivisible 
operations: add-swap, compare-swap, multiplex-swap, and double-compare-swap. A store- 
multiplex operation provides the abiUty to indivisibly write to a portion of an ocdet. These 
instructions always operate on aligned octiet data, using either litde-endian or big-endian 
byte ordering. 

Branch 

The fixed-point compare-and-branch instructions provide all arithmetic tests for equality and 
inequality of signed and unsigned fixed-point values. Tests are performed either between two 
operands contained in general registers, or on the bitwise and of two operands. Depending 
on the result of the compare, either a branch is taken, or not taken. A taken branch causes an 
immediate transfer of the program counter to the target of the branch, specified by a 12-bit 
signed offset from the location of the branch instruction. A non-taken branch causes no 
transfer; execution continues with the following instruction. 

Other branch instructions provide for unconditional transfer of control to addresses too 
distant to be reached by a 12-bit offset, and to transfer to a target while placing the location 
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following the branch into a register. The branch through gateway instruction provides a 
secure means to access code at a higher privilege level, in a form similar to a normal 
procedure call. 

Addressing Operations 

A subset of general fixed-point arithmetic operations is available as addressing operations. 
These include add, subtract. Boolean, and simple shift operations. These addressing 
operations may be performed at a point in the Zeus processor pipeline so that they may be 
completed prior to or in conjunction with the execution of load and store operations in a 
"superspring" pipeline in which other arithmetic operations are deferred until the 
completion of load and store operations. 

Execution Operations 

Many of the operations used for Digital Signal Processing (DSP), which are described in 
greater detail below, are also used for performing simple scalar operations. These operations 
perform arithmetic operations on values of 8-, 16-, 32-, 64-, or 128- bit sizes, which are 
right-aligned in registers. These execution operations include the add, subtract, boolean and 
simple shift operations which are also available as addressing operations, but further extend 
the available set to include three-operand add/subtract, three-operand boolean, dynamic 
shifts, and bit-field operations. 

Floating-point 

Zeus provides all the facilities mandated and recommended by ANSI/IEEE standard 754- 
1985: Binary Floating-point Arithmetic, with the use of supporting software. 

Branch Conditionally 

The floating-point compare-and-branch instructions provide all the comparison types 
required and suggested by the IEEE floating-point standard. These floating-point 
comparisons augment the usual types of numeric value comparisons with special handling 
for NaN (not-a-number) values. A NaN value compares as "unordered" with respect to any 
other value, even that of an identical NaN value. 

Zeus floating-point compare-branch instructions do not generate an exception on 
comparisons involving quiet or signaling NaN values. If such exceptions are desired, they 
can be obtained by combining the use of a floating-point compare-set instruction, with 
either a floating-point compare-branch instruction on the floating-point operands or a fixed- 
point compare-branch on the set result. 

Because the less and greater relations are anti-commutative, one of each relation that differs 
from another only by the replacement of an L with a G in the code can be removed by 
reversing the order of the operands and using the other code. Thus, an L relation can be 
used in place of a G relation by swapping the operands to the compare-branch or compare- 
set instruction. 
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No instructions are provided that branch when the values are unordered. To accomplish 
such an operation, use the reverse condition to branch over an immediately following 
unconditional branch, or in the case of an if-then-else clause, reverse the clauses and use the 
reverse condition. 

The E relation can be used to determine the unordered condition of a single operand by 
comparing the operand with itself. 



The following floating-point compare-branch relations are provided as instructions: 



Mnemonic 


Branch taken if values com 


pare as: 


Exception if 


code 


C-like 


Unord- 
ered 


Greater 


Less 


Equal 


unord- 
ered 


invalid 


E 




F 


F 


F 


T 


no 


no 


LG 


<> 


F 


T 


T 


F 


no 


no 


L 


< 


F 


F 


T 


F 


no 


no 


GE 


>= 


F 


T 


F 


T 


no 


no 



compare-branch relations 



Compare-set 

The compare-set floating-point instructions provide all the comparison types supported as 
branch instructions. Zeus compare-set floating-point instructions may optionally generate an 
exception on comparisons involving quiet or signaling NaNs. 



The following floating-point compare-set relations are provided as instructions: 



Mnemonic 


Result if values compare as: 


Exception if 


code 


C-like 


Unord- 
ered 


Greater 


Less 


Equal 


unord- 
ered 


invalid 


E 




F 


F 


F 


T 


no 


no 


LG 


<> 


F 


T 


T 


F 


no 


no 


L 


< 


F 


F 


T 


F 


no 


no 


GE 


>= 


F 


T 


F 


T 


no 


no 


EX 




F 


F 


F 


T 


no 


yes 


LGX 


<> 


F 


T 


T 


F 


no 


yes 


LX 


< 


F 


F 


T 


F 


yes 


yes 


GEX 


<= 


F 


T 


F 


T 


yes 


yes 



compare-set relations 



Arithmetic Operations 

The basic operations supported in hardware are floating-point add, subtract, multiply, divide, 
square root and conversions among floating-point formats and between floating-point and 
binary integer formats. 

Software libraries provide other operations required by the ANSI/IEEE floating-point 
standard. 
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The operations explicitly specify the precision of the operation, and round the result (or 
check that the result is exact) to the specified precision at the conclusion of each operation. 
Each of the basic operations splits operand registers into symbols of the specified precision 
and performs the same operation on corresponding s3mibols. 

In addition to the basic operations, Zeus performs a variety of operations in which one or 
more products are summed to each other and/or to an additional operand. The instructions 
include a fused multiply-add (E.MUL.ADD.F), convolve (E.CON.F), matrix multiply 
(E.MUL.MAT.F), and scale-add (E.SCAL.ADD.F). 

The results of these operations are computed as if the multiplies are performed to infinite 
precision, added as if in infinite precision, then rounded only once. Consequendy, these 
operations perform these operations with no rounding of intermediate results that would 
have limited the accuracy of the result 

Rounding and exceptions 

Rounding is specified within the instructions explicitiy, to avoid explicit state registers for a 
rounding mode. Similarly, the instructions explicidy specify how standard exceptions (invalid 
operation, division by zero, overflow, underflow and inexact) are to be handled. ^ 

When no rounding is explicidy named by the instruction (default), round to nearest rounding 
is performed, and all floating-point exception signals cause the standard-specified default 
result, rather than a trap. When rounding is explicity named by the instruction (N: nearest, Z: 
zero, F: floor, C: ceiling), the specified rounding is performed, and floating-point exception 
signals other than inexact cause a floating-point exception trap. When X (exact, or 
exception) is specified, all floating-point exception signals cause a floating-point exception 
trap, including inexact. 

This technique assists the Zeus processor in executing floating-point operations with greater 
parallelism. When default rounding and exception handling control is specified in floating- 
point instructions, Zeus may safely retire instructions following them, as they are guaranteed 
not to cause data-dependent exceptions. Similarly, floating-point instructions with N, Z, F, 
or C control can be guaranteed not to cause data-dependent exceptions once the operands 
have been examined to rule out invalid operations, division by zero, overflow or underflow 
exceptions. Only floating-point instructions with X control, or when exceptions cannot be 
ruled out with N, Z, F, or C control need to avoid retiring foUowing instructions until the 
final result is generated. 

ANSI/IEEE standard 754-1985 specifies information to be given to trap handlers for the 
five floating-point exceptions. The Zeus architecture produces a precise exception, (The 
program counter points to the instruction that caused die exception and all register state is 
present) from which all the required information can be produced in software, as all source 
operand values and the specfied operation are available. 



^U.S. Patent 5,812,439 describes this 'Technique of incorporating floating point information into processor 
instructions." 
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ANSI/IEEE standard 754-1985 specifies a set of five "sticky-exceprion" bits, for recording 
the occurrence of exceptions that are handled by default. The Zeus architecture produces a 
precise exception for instructions with N, Z, F, or C control for invalid operation, division 
by zero, overflow or underflow exceptions and with X control for all floating-point 
exceptions, from which corresponding sticky-exception bits can be set. Execution of the 
same instruction with default control will compute the default result with round-to-nearest 
rounding. Most compound operations not specified by the standard are not available with 
rounding and exception controls. 

NaN handling 

ANSI/IEEE standard 754-1985 specifies that operations involving a signaling NaN or 
invalid operation shall, if no trap occurs and if a floating-point result is to be delivered, 
deliver a quiet NaN as its result However, it fails to speci£y what quiet NaN value to deliver. 

Zeus operations that produce a floating-point result and do not trap on invalid operations 
propagate signaling NaN values from operands to results, changing the signaling NaN values 
to quiet NaN values by setting the most significant fraction bit and leaving the remaining 
bits unchanged. Other causes of invalid operations produce the default quiet NaN value, 
where the sign bit is zero, the exponent field is all one bits, the most significant fraction bit is 
set and the remaing fraction bits are zero bits. For Zeus operations that produce multiple 
results catenated together, signaling NaN propagation or quiet NaN production is handled 
separately and independendy for each result symbol. 

ANSI/IEEE standard 754-1985 specifies that quiet NaN values should be propagated from 
operand to result by the basic operations. However, it fails to specify which of several quiet 
NaN values to propagate when more than one operand is a quiet NaN. In addition, the 
standard does not clearly specify how quiet NaN should be propagated for the multiple- 
operation instructions provided in Zeus. The standard does not specify the quiet NaN 
produced as a result of an operand being a signaling NaN when invalid operation exceptions 
are handled by default. The standard leaves unspecified how quiet and signaling NaN values 
are propagated though format conversions and the absolute-value, negate and copy 
operations. This section specifies these aspects left unspecified by the standard. 

First of all, for Zeus operations that produce multiple results catenated together, quiet and 
signaling NaN propagation is handled separately and independendy for each result symbol. 
A quiet or signaling NaN value in a single symbol of an operand causes only those result 
symbols that are dependent on that operand symbol's value to be propagated as that quiet 
NaN. Multiple quiet or signaling NaN values in symbols of an operand which influence 
separate symbols of the result are propagated independendy of each other. Any signaling 
NaN that is propagated has the high-order fraction bit set to convert it to a quiet NaN. 

For Zeus operations in which multiple symbols among operands upon which a result symbol 
is dependent are qmet or signaling NaNs, a priority rule will determine which NaN is 
propagated. Priority shall be given to the operand that is specified by a register definition at a 
lower-numbered (litdc-endian) bit position within the instruction (rb has priority over rc, 
which has priority over rd). In the case of operands which are catenated from two registers, 
priority shall be assigned based on the register which has highest priority (lower-numbered 
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bit position within the instruction). In the case of tie (as when the E.SCAL.ADD scaling 
operand has two corresponding NaN values, or when a E.MUL.CF operand has NaN values 
for both real and imaginary components of a value), the value which is located at a lower- 
numbered (litde-endian) bit position within the operand is to receive priority. The 
identification of a NaN as quiet or signaling shall not confer any priority for selection - only 
the operand position, though a signaling NaN will cause an invalid operand exception. 

The sign bit of NaN values propagated shall be complemented if the instruction subtracts or 
negates the corresponding operand or (but not and) multiplies it by or divides it by or 
divides it into an operand which has the sign bit set, even if that operand is another NaN. If 
a NaN is both subtracted and multiplied by a negative value, the sign bit shall be propagated 
unchanged. 

For Zeus operations that convert between two floating-point formats (INFLATE and 
DEFLATE), NaN values are propagated by preserving the sign and the most-significant 
fraction bits, except that the most-significant bit of a signalling NaN is set and (for 
DEFLATE) the least-significant fraction bit preserved is combined, via a logical-or of all 
firaction bits not preserved. All additional fraction bits (for INFLATE) are set to zero. 

For Zeus operations that convert from a floating-point format to a fixed-point format 
(SINK), NaN values produce zero values (maximum-likelihood estimate). Infinity values 
produce the largest representable positive or negative fixed-point value that fits in the 
destination field. When exception traps are enabled, NaN or Infinity values produce a 
floating-point exception. Underflows do not occur in the SINK operation, they produce -1, 
0 or +1, depending on rounding controls. 

For absolute-value, negate, or copy operations, NaN values are propagated with the sign bit 
cleared, complemented, or copied, respectively. Signalling NaN values cause the Invalid 
operation exception, propagating a quieted NaN in corresponding symbol locations (default) 
or an exception, as specified by the instruction. 

FloatinQ-point functions 

The following functions are defined for use within the detailed instruction definitions in the 
following section. In these fiinctions an internal format represents infinite-precision floating- 
point values as a four-element structure consisting of (1) s (sign bit): 0 for positive, 1 for 
negative, (2) t (type): NORM, ZERO, SNAN, QNAN, INFINITY, (3) e (exponent), and (4) 
f: (fraction). The mathematical interpretation of a normal value places the binary point at the 
units of the fraction, adjusted by the exponent: (-l)^s*(2Ae)*f The function F converts a 
packed IEEE floating-point value into internal format. The fiinction PackF converts an 
intemal format back into IEEE floating-point format, with rounding and exception control. 

Definition 

def eb <- ebits(prec) as 
case pref of 
16: 

eb 5 

32: 
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eb <- 8 

64: 

eb <(- 11 

128: 

eb ^ 15 

endcase 
enddef 

def eb <- ebias(prec) as 

eb <- 0 11 lebits(prec)-! 
enddef 

def fb <- fbits(prec) as 

fb <- prec - 1 - eb 
enddef 

def a i- Ffprec. ai) as 
a.s <- aiprec-l 
ae aiprec-2,.fbiu(prec) 
af ^ aifbits(prec)-I..O 
if ae = lebftslprec) then 
if af = 0 then 

a.t <- INFINfTY 
elseif affbits(prec)-I ^^ri 
ax SNaN 
a.e <- -fbits(prec) 
a.f <- I i I affbits(prec)-2..0 

else 

a.t QNaN 
a.e ^ -fbitslprec) 
a.f 4- af 

endif 
elseif ae = 0 then 
If af = 0 then 
a.t 4- ZERO 

else 

a.t 4- NORM 

a.e ^ 1 -ebias(prec)-fbits(prec) 
a.f <- 0 1 1 af 

endif 

else 

a.t ^ NORM 

a.e 4- ae-eblas(prec)-fbits{prec) 
a.f 1 1 1 af 

endif 
enddef 

def a DEFAULTQNAN as 
a.s ^ 0 
a.t QNAN 

a.e ^ — 1 
a.f I 
enddef 
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def a <- DEFAULT5NAN as 

a.s 0 

at <- SNAN 

a.e <- -1 

af I 
enddef 

def fadd(a,b) as faddr|a,b,N) enddef 

def c <- faddr(a,b,round) as 

if a.t=NORM and b.t=NORM then 

// d,e are a,b with exponent aligned and fraction adjusted 
if a.e > b.e then 
d ^ a 
e.t <- b.t 
e.s b.s 
e.e a.e 

e.f <- b.f I I 03'e-b.e 
else if a.e < b.e then 
dx <- ax 
d.s <- a.s 
d.e <~ b.e 

d.f a.f M O^ e-a e 
e 4- b 

endif 
ct d.t 
c.e <- d.e 
if d.s = e.s then 

c.s <- d.5 

c.f <- d.f + e.f 
elseif d.f > e.f then 

c.s 4- d.s 

c.f d.f - e.f 
elseif d.f < e.f then 

c.s e.s 

cf <- e.f - d.f 

else 

C.S r=F 
ct <- ZERO 

endif 

// priority is given to b operand for NaN propagation 
elseif (b.tsiSNAN) or {b.t=QNAN) then 
c ^ b 

elseif (a.t=SNAN) or (a.t=QNAN) then 
c 4- a 

elseif a.t=ZERO and b.t=ZERO then 
ct <- ZERO 

cs <- {a.s and b.s) or (round=F and [as or b.s)) 
// NULL values are like zero, but do not combine with ZERO to alter sign 
elseif a.t=ZERO or a.^NULL then 

c <- b 

elseif b.t=ZERO or b.t=NULL then 
c ^ a 

elseif a.t=INFINrTY and b.tslNFINITY then 
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if a.s ^ b.s then 

c 4r- DEFAULTSNAN // Invalid 

else 

c a 

endif 

elseif a.t=INFINrrY then 

c a 
elseif b.t=INFINfTY then 

c ^ b 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def b <- fneg|a) as 

b.s ^ -a.s 

b.t <- a.t 

b.e a.e 

b.f 4- a.f 
enddef 

def fsub(a,b) as fsubr(a,b,N) enddef 

def fsubr|a,b,round) as faddr(a,fneg(b)/ound) enddef 

def frsub(a,b) as frsubr(a,b,N) enddef 

def frsubr(a,b,roundJ as faddr|fneg(a),b,round) enddef 

def c ^ fcom(a,b) as 

if (a.t=SNAN) or (a.t=QNAN) or (b.t=SNAN) or (b.t=QNANJ then 
c 4- U 

elseif a.t=INFINrrY and b.t=iNFINrTY then 
if a.s 9t b.s then 

c ^ (a.s=0) ? G: L 

else 

c i- E 

endif 

elseif a.t=:INFINITY then 

c <- (a.s=0) ? G: L 
elseif b.t=INFINITY then 

c 4- (b.s=0) ? G: L 
elseif a.t=NORM and b.t=NORM then 

if a.s * b.s then 

c (a.s=0) ? G: L 

else 

if a.e > b.e then 
af <r- a.f 

bf <- b.f I I O^ e-b-e 

else 

af <^ a.f II 0t>e-a.e 

bf ir- b.f 

endif 

if af = bf then 
c <- E 
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else 

c <- |(a.s=0) " (af > bf)) ? G : L 

endif 

endif 

elseif a.t=NORM then 

c <- (a.s=0) 7 G: L 
elseif b,t=NORM then 

c <- (b.s=0) ? G: L 
elseif a.t=ZERO and b.t=ZERO then 

c <- E 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def c ^ fifnul(a,b) as 

if a.t=NORM and b.t=NORM then 

C.S a.s ^ b.s 

c.t NORM 

ce a.e + b.e 

cf ^ a.f * b.f 
// priority is given to b operand for NaN propagation 
elseif |b.t=SNAN) or (b.t=QNAN) then 

C.S a.s b.s 

c.t b,t 

ce ^ b.e 

cf ^ b.f 

elseif (a.t=SNAN) or |a.t=QNAN) then 
cs <- a.s " b.s 
ct 4- a.t 
ce a.e 
cf <r- a.f 

elseif a.tp:ZERO and b.t=INFINrrY then 

c <r- DEFAULTSNAN // Invalid 
elseif a.t=INFlNrTY and b.t=ZERO then 

c ^ DEFAULTSNAN // Invalid 
elseif a.t=ZERO or b.t=ZERO then 

cs ^ a.s b.s 

ct ZERO 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def c <- fdivr(a,b) as 

if at^NORM and b.t^NORM then 

cs 4- a.s b.s 

ct ^ NORM 

ce a.e - b.e + 256 

cf <r- (a.f I I 0256) / b f 
// priority is given to b operand for NaN propagation 
elseif (b.t=SNAN) or (b.t=QNAN) then 

cs ^ a.s " b.s 

ct <- b.t 

ce 4- b.e 
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cf b.f 

elseif |a.t=SNAN) or |a.t=QNANJ then 
c.s a.s " b.s 
ct <- a.t 
ce <- a.e 
cf 4- a.f 

elseif a.t=ZERO and b.t=ZERO then 

c <- DEFAULTSNAN // Invalid 
elseif a.fe=INFINrTY and b.t=:INFINrrY then 

C <- DEFAULTSNAN // Invalid 
elseif at=ZERO then 

c.s 4- a.s ^ b.s 

ct <- ZERO 
elseif at^lNFINfTY then 

cs a,s b.s 

ct 4- INFINfTY 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 

def msb <- findmsb|a) as 

MAXF <- 2'^ // Largest possible f value after matrix multiply 
for j ^ 0 to MAXF 

»f a/vtAXF-Kj = {O^AXF-l-j 1 1 || then 
msb <- j 

endif 
endfor 
enddef 

def ai <r- PackF(preca.round) as 
case a.t of 
NORM: 

msb <- findmsb(a.f) 

m 4- msb-l-fbits(prec) // Isb for normal 

rdn 4- -ebias(prec)-a.e-l-fbits(prec) // Isb if a denormal 

rb <- (rn > rdn) 7 m : rdn 

if rb ^ 0 then 

aifr 4- a.fmsb-I..O ' ^ 0"''^ 

eadj 4- 0 

else 

case round of 
C; 

S 4- 0'T'5t)-rb I I i^Q^sfb 

F: 

s 4- 0'"5b-rb I j |3 sjrb 
N, NONE: 

s 4- I I -a.frb I I a.ffg-^ 

X: 

if a.frb- 1..0 ^ 0 then 

raise FloatingPointArithmetic // Inexact 

endif 
s <- 0 

Z: 
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s <- 0 

endcase 

(01 la.fmsb..0) + (Of Is) 
if Vmsb = ' then 

aifr <- Vmst)-I..rb 

eadj <- 0 

else 

aifr ^ oft>'ts(prec) 
eadj <- 1 

endif 

endif 

aien ^ a.e + msb - I + eadj + ebias(prec) 
if aien < 0 then 

if round = NONE then 

al ^ a.s It oet»its(prec) | | gifr 

else 

raise FloatingPointArithmetic //Underflow 

endif 

elseif aien > lebits(prec) then 
if round = NONE then 

//default round-to-nearest overflow handling 
ai <- a.s II lebits(prec) | | oft>its(prec) 

else 

raise FloatingPointArithmetic //Underflow 

endif 

else 

ai 4- a.s II aienebits(prec)-I..O I ' aifr 

endif 

SNAN: 

if round ^ NONE then 

raise FloatingPointArithmetic //Invalid 

endif 

if -a.e < fbits(prec) then 

ai ^ a.s n lebits(prec) 1 1 a.f.ae-!..0 1 I 0«>«ts{precHa.e 

else 

Isb ^ a.f.a.e-I-fbits(precJ+I..O ^ 0 

ai ^ a.s I I lebits(prec) | | a.f.a.e.|...a.e-l-fbits(prec)+2 I I Isb 

endif 
QNAN: 

if -a.e < fbits(prec) then 

ai <- a.s I I lebrts(prec) , , a.f-a.e.I..O I i oft>its(prec)+a,e 

else 

Isb <- a.f.a.e-l-fbits(prec)+1..0 ^ 0 

ai 4- a.s I I lebits(prec) 1 1 a.f.a.e-l...a.e-l-fbits(prec)+2 I I Isb 

endif 
ZERO: 

ai 4- a.s II oebits(prec) | ) oft5its(prec) 
INFINITY: 

ai 4- a.s II lebltsfprec) | | oft>its{prec) 

endcase 
defdef 
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def ai <- fsinkrfprec, a, round) as 
case a.t of 
NORM: 

msb <- findmsb(a.f) 
rb <r- -a.e 
if rb < 0 then 

aifr <- a.fmsb..O ' ^ O-''*^ 
aims <- msb - rb 

else 

case round of 
C CD: 

s o"'5b-rb I I (-ai.s)'* 
F, F.D: 

s 0'"sb-rb I I (aj.s)rb 
K NONE: 

X- 

if ai.frb-i..o ^ 0 f^en 

raise FloatingPointArithmetic // Inexact 

endif 
s 0 
Z, Z.D: 

$ <- 0 

endcase 

v^(0lla.fmsb..0) + (0lls) 
if Vmsb = I then 

aims 4- msb + I - rb 

else 

aims 4- msb - rb 

endif 

aifr <- Vaims..rb 

endif 

if aims > prec then 
case round of 

CD, F.D, NONE, Z.D: 

ai ^ a.s II (-as)P''ec-l 
C F, N, X, Z: 

raise FloatingPointArithmetic // Overflow 

endcase 
elseif a.s = 0 then 
ai <- aifr 

else 

ai <- -aifr 

endif 
ZERO: 

ai ^ 0P''ec 
SNAN, QNAN: 

case round of 

CD, F.D, NONE, Z.D: 

ai oprec 
C F, N, X, Z: 

raise FloatingPointArithmetic // Invalid 

endcase 
INFINfTY: 
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case round of 

CD, F.a NONE, Z.D: 

ai 4- a.s II (-aslPrec-l 
C F, N, X, 2: 

raise FloatingPointArithmetic // Invalid 

endcase 

endcase 
enddef 



def c <- frecrest(a) as 
b.s <- 0 
b.t NORM 
b.e <- 0 
b.f 4- 1 

c fest(fdiv(b,a)) 
enddef 

def c frsqrest(a) as 
b.s 4- 0 
b.t <- NORM 
b,e i- 0 
b.f <r- I 

c <- fest{fsqr(fdiv(b,a))) 
enddef 



def c i- fest|a) as 

if (a.t=NORM) then 

msb <- flndmsb(a.f) 
a.e a.e + msb - 13 
a.f <- a.fm$b..msb-l2 I ' ' 

else 

c <- a 

endif 
enddef 



def c <- fsqr(a) as 

if (a.t=NORM) and (a.s=0) then 
c.s <- 0 
ct NORM 
if (a.eo = I) then 

c.e <- (a.e-127)/ 2 
c.f <- sqr(a.f II 0*27j 

else 

c.e <r- {a.e-128)/ 2 
c.f ^ sqr(a.f II 0'28j 

endif 

elseif (atrSNAN) or |a.t=QNAN) or a.fc=ZERO or ((afc^lNFINITY) and (a^O)) then 
c a 

elseif ((a.t=NORM) or (a.t^lNFINITY)) and (a.s=:l) then 
c <- DEFAULTSNAN // Invalid 

else 

assert FALSE // should have covered al the cases above 

endif 
enddef 
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Digital Signal Processing 

The Zeus processor provides a set of operations that maintain the fullest possible use of 
128-bit data paths when operating on lower-precision fixed-point or floating-point vector 
values. These operations are useful for several application areas, including digital signal 
processing, image processing and synthetic graphics. The basic goal of these operations is to 
accelerate the performance of algorithms that exhibit the following characteristics: 

Low-precision arithmetic 

The operands and intermediate results are fixed-point values represented in no greater than 
64 bit precision. For floating-point arithmetic, operands and intermediate results are of 16, 
32, or 64 bit precision. 

The fixed-point arithmetic operations include add, subtract, multiply, divide, shifts, and set 
on compare. 

The use of fixed-point arithmetic permits various forms of operation reordering that are not 
permitted in floating-point arithmetic. Specifically, commutativity and associativity, and 
distribution identities can be used to reorder operations. Compilers can evaluate operations 
to determine what intermediate precision is required to get the specified arithmetic result. 

Zeus supports several levels of precision, as weU as operations to convert between these 
different levels. These precision levels are always powers of two, and are explicidy specified 
in the operation code. 

When specified, add, subtract, and shift operations may cause a fixed-point arithmetic 
exception to occur on resulting conditions such as signed or unsigned overflow. The fixed- 
point arithmetic exception may also be invoked upon a signed or unsigned comparison. 

Sequential access to data 

The algorithms are or can be expressed as operations on sequentially ordered items in 
memory. Scatter-gather memory access or sparse-matrix techniques are not required. 

Where an index variable is used with a multiplier, such multipliers must be powers of two. 
When the index is of the form: nx+k, the value of n must be a power of two, and the values 
referenced should have k include the majority of values in the range 0..n-l. A negative 
multiplier may also be used. 

Vectorizable operations 

The operations performed on these sequentially ordered items are identical and independent. 
Conditional operations are either rewritten to use Boolean variables or masking, or the 
compiler is permitted to convert the code into such a form. 
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Data-handling Operations 

The characteristics of these algorithms include sequential access to data, which permit the 
use of the normal load and store operations to reference the data. Ocdet and hexlet loads 
and stores reference several sequential items of data, the number depending on the operand 
precision. 

The discussion of these operations is independent of byte ordering, though the ordering of 
bit fields within octlets and hexlets must be consistent with the ordering used for bytes. 
Specifically, if big-endian byte ordering is used for the loads and stores, the figures below 
should assume tiiat index values increase from left to right, and for litde-endian b3rte 
ordering, the index values increase from right to left. For this reason, the figures indicate 
different index values with different shades, rather than numbering. 

When an index of the nx+k form is used in array operands, where n is a power of 2, data 
memory sequentially loaded contains elements usefii for separate operands. The "shuffle" 
instruction divides a triclet of data up into two hexlets, with alternate bit fields of the source 
triclet grouped together into the two results. An immediate field, h, in the instruction 
specifies which of the two regrouped hexlets to select for the result. For example, two 
X.SHUFFLE.256 rd=rc,rb,32,128Ji operations rearrange the source triclet (c,b) into two 
hexlets as follows: 





mi mmsi ^^m\ i 


1 








32-bit 2-way deal 



In the shuffle operation, two hexlet registers specify the source triclet, and one of the two 
result hexlets are specified as hexlet register. 
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The example above directly applies to the case where n is 2. When n is larger, shuffle 
operations can be used to further subdivide the sequential stream. For example, when n is 4, 
we need to deal out 4 sets of doublet operands, as shown in the figure below:^ 




16-bit 4«way deal 



When an array result of computation is accessed with an index of the form nx+k, for n a 
power of 2, the reverse of the "deal" operation needs to be performed on vectors of results 
to interleave them for storage in sequential order. The "shuffle" operation interleaves the bit 
fields of two ocdets of resvdts into a single hexlet For example a X.SHUFFLE.16 operation 
combines two ocdets of doublet fields into a hexlet as follows: 







r ^ X ' 




tSBsB 

mm 


olklfitll 1 jWSWFaKBiiJ tS!SBuSSSSgtt |IEISBS«SsB5s| | 


16-bit 2-way shuffle 



For larger values of n, a series of shuffle operations can be used to combine additional sets 
of fields, similarly to the mechanism used for the deal operations. For example, when n is 4, 
we need to shuffle up 4 sets of doublet operands, as shown in the figure below:^ 





^ 1 1 1 1 












1 


teiisigi mm 






J 


16-bit 4-way shuffle 



When the index of a source array operand or a destination array result is negated, or in other 
words, if of the form nx+k where n is negative, the elements of the array must be arranged 



^An example of the use of a four-way deal can be found in the appendix: Digital Signal Processing 
Applications: Conversion of Color to Monochrome 

^An example of the use of a four-way shuffle can be found in the appendix: Digital Signal Processing 
Applications: Conversion of Monochrome to Color 
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in reverse order. The '^swizzle" operation can reverse the order of the bit fields in a hexlet. 
For example, a X.SWIZZLE rd=rc,127,112 operation reverses the doublets within a hexlet: 




? 6-bit reverse 



In some cases, it is desirable to use a group instruction in which one or more operands is a 
single value, not an array. The "swi22le" operation can also copy operands to multiple 
locations within a hexlet For example, a X.SWIZZLE 15,0 operation copies the low-order 
16 bits to each double within a hexlet. 

Variations of the deal and shuffle operations are also useful for converting from one 
precision to another. This may be required if one operand is represented in a different 
precision than another operand or the result, or if computation must be performed with 
intermediate precision greater than that of the operands, such as when using an integer 
multiply. 

When converting from a higjber precision to a lower precision, specifically when halving the 
precision of a hexlet of bit fields, half of the data must be discarded, and the bit fields 
packed together. The "compress" operation is a variant of the "deal" operation, in which the 
operand is a hexlet, and the result is an ocdct. An arbitrary half-sized sub-field of each bit 
field can be selected to appear in the result For example, a selection of bits 19..4 of each 
quadlet in a hexlet is performed by the X.COMPRESS rd=rc,16,4 operation: 




Compress 32 bits to 16, with 4-bit right shift 



When converting from lower-precision to higher-precision, specifically when doubling the 
precision of an ocdet of bit fields, one of several techniques can be used, either multiply, 
expand, or shuffle. Each has certain useful properties. In the discussion below, m is the 
precision of the source operand. 

The mviltiply operation, described in detail below, automatically doubles the precision of the 
result, so multiplication by a constant vector will simultaneously double the precision of the 
operand and multiply by a constant that can be represented in m bits. 
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An operand can be doubled in precision and shifted left with the "expand" operation, which 
is essentially the reverse of the "compress'* operation. For example the X.EXPAND 
rd=rc,16,4 expands from 16 bits to 32, and shifts 4 bits left: 




The "shuffle" operation can double the precision of an operand and multiply it by 1 
(unsigned only), 2^ or 2™+l, by specifying the sources of die shuffle operation to be a 
zeroed register and the source operand, the source operand and zero, or both to be the 
source operand. Whep multiplying by 2m, a constant can be freely added to the source 
operand by specifying the constant as the right operand to the shuffle. 

Arithmetic Operations 

The characteristics of the algorith ms that affect the anthmetic operations most direcdy are 
low-precision arithmetic, and vectorizable operations. The fixed-point arithmetic operations 
provided are most of the functions provided in the standard integer unit, except for those 
that check conditions. These functions include add, subtract, bitwise Boolean operations, 
shift, set on condition, and multiply, in forms that take packed sets of bit fields of a specified 
size as operands. The floating-point arithmetic operations provided are as complete as the 
scalar floating-point arithmetic set The resxilt is generally a packed set of bit fields of the 
same size as the operands, except that the fixed-point multiply function intrinsically doubles 
the precision of the bit field. 

Conditional operations are provided only in the sense that the set on condition operations 
can be used to construct bit masks that can select between alternate vector expressions, 
using the bitwise Boolean operations. All instructions operate over the entire ocdet or hexlet 
operands, and produce a hexlet result The sizes of the bit fields supported are always 
powers of two. 

Galois Field Operations 

Zeus provides a general software solution to the most common operations required for 
Galois Field arithmetic. The instructions provided include a polynomial multiply, with the 
polynomial specified as one register operand. This instruction can be used to perform CRC 
generation and checking, Reed-Solomon code generation and checking, and spread-spectrum 
encoding and decoding. 
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Software Conventions 

The following section describes software conventions that are to be employed at software 
module boundaries, in order to permit the combination of separately compiled code and to 
provide standard interfaces between application, library and system software. Register usage 
and procedure call conventions may be modified, simplified or optimized when a single 
compilation encloses procedures within a compilation unit so that the procedures have no 
external interfaces. For example, internal procedures may permit a greater number of 
register-passed parameters, or have registers allocated to avoid the need to save registers at 
procedure boundaries, or may use a single stack or data pointer allocation to suffice for more 
than one level of procedure call. 

Register Usage 

All Zeus registers are identical and general-purpose; there is no dedicated zero-valued 
register, and no dedicated floating-point registers. However, some procedure-call-oriented 
instructions imply usage of registers zero (0) and one (1) in a manner consistent with the 
conventions described below. By software convention, the non-specific general registers are 
used in more specific ways. 



register 


assembler 


usage 


how saved 


number 


names 






0 


Ip, rO 


link pointer 


caller 


1 


dp, rl 


data pointer 


caller 


2-9 


r2-r9 


parameters 


caller 


10-31 


rI0-r3I 


temporary 


caller 


32-61 


r32-r61 


saved 


callee 


62 


fp, r62 


frame pointer 


callee 


63 


sp, r63 


stack pointer 


callee 



register usage 



At a procedure call boundary, registers are saved either by the caller or callee procedure, 
which provides a mechanism for leaf procedures to avoid needing to save registers. 
Compilers may choose to allocate variables into caller or callee saved registers depending on 
how their lifetimes overlap with procedure calls. 

Procedure Calling Conventions 

Procedure parameters are normally allocated in registers, starting from register 2 up to 
register 9. These registers hold up to 8 parameters, which may each be of any size from one 
byte to sixteen bytes (hexlet), including floating-point and small structure parameters. 
Additional parameters are passed in memory, allocated on the stack. For C procedures which 
use varargs.h or stdarg.h and pass parameters to further procedures, the compilers must 
leave room in the stack memory allocation to save registers 2 through 9 into memory 
contiguously with the additional stack memory parameters, so that procedures such as 
.dopmt can refer to the parameters as an array. 
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Procedure return values are also allocated in registers, starting from register 2 up to register 
9. Larger values are passed in memory, allocated on the stack. 

There are several pointers maintained in registers for the procedure calling conventions: Ip, 
sp, dp, fp. 

The Ip register contains the address to which the callee should return to at the conclusion of 
the procedure. If the procedure is also a caller, the Ip register will need to be saved on the 
stack, once, before any procedure call, and restored, once, after all procedure calls. The 
procedure returns with a branch instruction, specifying the Ip register. 

The sp register is used to form addresses to save parameter and other registers, maintain 
local variables, i.e., data that is allocated as a LIFO stack. For procedures that require a stack, 
normally a single allocation is performed, which allocates space for input parameters, local 
variables, saved registers, and output parameters all at once. The sp register is always hcxlet 
aligned. 

The dp register is used to address pointers, literals and static variables for the procedure. The 
dp register points to a small (approximately 4096-entry) array of pointers, literals, and 
statically-allocated variables, which is used locally to the procedure. The uses of the dp 
register are similar to the use of the gp register on a Mips R-series processor, except that 
each procedure may have a different value, which expands the space addressable by small 
offsets from this pointer. This is an important distinction, as the offset field of Zeus load 
and store instructions are only 12 bits. The compiler may use additional registers and/or 
indirect pointers to address larger regions for a single procedure. The compiler may also 
share a single dp register value between procedures which are compiled as a single unit 
(including procedures which are externally callable), eliminating the need to save, modify and 
restore the dp register for calls between procedures which share the same dp register value. 

Load- and store- immediate-aligned instructions, specifying the dp register as the base 
register, are generally used to obtain values from the dp region. These instructions shift the 
immediate value by the logarithm of the size of the operand, so loads and stores of large 
operands may reach farther from the dp register than of small operands. The size of the 
addressable region is maximized if the elements to be placed in the dp region are sorted 
according to size, with the smallest elements placed closest to the dp base. At points where 
the size changes, appropriate padding is added to keep elements aligned to memory 
boundaries matching the size of the elements. Using this technique, the maximum size of the 
dp region is always at least 4096 items, and may be larger when the dp area is composed of a 
mixture of data sizes. 
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Alignment within dp region 

The dp register mechanism also permits code to be shared, with each static instance of the 
dp region assigned to a different address in memory. In conjunction with position- 
independent or pc-reiative branches, this allows library code to be dynamically relocated and 
shared between processes. 

To implement an inter-module (separately compiled) procedure call, the Ip register is loaded 
with the entry point of the procedure, and the dp register is loaded with die value of the dp 
register required for the procedure. These two values are located adjacent to each other as a 
pair of octlet quantities in the dp region for the calling procedure. For a statically-linked 
inter-module procedure call, the linker fills in the values at link time. However, this 
mechanism also provides for dynamic linking, by initially filling in the Ip and dp fields in the 
data structure to invoke the dynamic linker. The dynamic linker can use the contents of the 
Ip and/ or dp registers to determine the identity of the caller and callee, to find the location 
to fill in the pointers and resume execution. Specifically, the Ip value is initially set to point to 
an entry point in the dynamic linker, and the dp value is set to point to itself: the location of 
the Ip and dp values in the dp region of the calling procedure. The identity of the procedure 
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can be discovered from a string following the dp pointer, or a separate table, indexed by the 
dp pointer. 

The fp register is used to address the stack frame when the stack size varies during execution 
of a procedure, such as when using the GNU C alloca function. When tfie stack size can be 
determined at compile time, the sp register is used to address the stack frame and the £p 
register may be used for any other general purpose as a callee-saved register. 

Typical static-linked, Intra-module calling sequence: 

caller (non-leaQ: 



caller: AADDI $p®-size 
S.I.64A Ip,sp,off 

... (callee using same dp as caller) 
B.UNK.I callee 

... (callee using same dp as caller) 
B.LINK.I callee 



// allocate caller stack frame 
// save original Ip register 



AADDI 
B 



callee ^eaQ: 



callee: 



(code using dp) 



lp=sp,off 
sp®size 



Ip 



// restore original Ip register 
// deallocate caller stack frame 
// return 



// return 



Procedures that are compiled together may share a common data region, in which case there 
is no need to save, load, and restore the dp region in the callee, assuming that the callee does 
not modify the dp register. The pc-relative addressing of the B.LINK.I instruction permits 
die code region to be position-independent. 

Minimum static-linked, intra-module calling sequence: 

caller (non4eaf): 

caller: ACOPY r31=rlp // save original Ip register 

... (callee using same dp as caller) 
B.UNK.I callee 



... (callee using same dp as caller) 
B,UNK.\ callee 



B 



r3I 



callee (leaf): 
callee: 



... (code using dp, r3l unused) 
B Ip 



// return 



// return 



When all the callee procedures are intra-module, the stack frame may also be eliminated 
from the caller procedure by using "temporary^* caller save registers not utilized by the caUee 
leaf procedures. In addition to the Ip value indicated above, this usage may indudc other 
values and variables that live in the caller procedure across callee procedure calls. 

Typical dynamic-linked, Inter-m dule calling sequence: 
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caller (non-leaQ: 



caller: 



callee (leaf): 



AADDI 


sp®-size 


// 


SJ.64A 


lp,sp,off 


// 


SJ.64>\ 


dp,sp,off 


// 


... (code using dp) 






LI.64A 


lp=dp.off 


// 


LI.64A 


dp=dp,off 


// 


D.LINN 


IP=IP 


it 






ft 


... (code using dp) 






LI.64A 


lp=sp,off 


// 


AADDI 


sp=size 


// 


B 

0: 


•P 


// 


... (code using dp) 






B 


'P 


// 



return 



// return 



The load instruction is required in the caller following the procedure call to restore the dp 
register. A second load instruction also restores the Ip register, which may be located at any 
point between the last procedure call and the branch instruction which returns from the 
procedure. 

System and Privileged Library Calls 

It is an objective to make calls to system facilities and privileged libraries as similar as 
possible to normal procedure calls as described above. Rather than invoke system calls as an 
exception, which involves significant latency and complication, we prefer to use a modified 
procedure call in which the process privilege level is quiedy raised to the required level. To 
provide this mechanism safely, interaction with the virtual memory system is required. 

Such a procedure must not be entered from anywhere other than its legitimate entry point, 
to prohibit entering a procedure after the point at which security checks are performed or 
with invalid register contents, otherwise the access to a higher privilege level can lead to a 
security violation. In addition, the procedure generally must have access to memory data, for 
which addresses must be produced by the privileged code. To facilitate generating these 
addresses, the branch-gateway instruction allows the privileged code procedure to rely the 
fact that a single register has been verified to contain a pointer to a valid memory region. 

The branch-gateway instruction ensures both that the procedure is invoked at a proper entry 
point, and that other registers such as the data pointer and stack pointer can be properly set. 
To ensure this, the branch-gateway instruction retrieves a "gateway^* direcdy from the 
protected virtual memory space. The gateway contains the virtual address of the entry point 
of the procedure and the target privilege level. A gateway can only exist in regions of the 
virtual address space designated to contain them, and can only be used to access privilege 
levels at or below the privilege level at which the memory region can be written to ensure 
that a gateway cannot be forged. 

The branch-gateway instruction ensures that register 1 (dp) contains a valid pointer to the 
gateway for this target code address by comparing the contents of register 0 (Ip) against the 
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gateway retrieved from memorjr and causing an exccprion trap if they do not match. By 
ensuring that register 1 points to the gateway, auxiliary information, such as the data pointer 
and staclc pointer can be set by loading values located by the contents of register 1. For 
example^ the eight bytes following the gateway may be used as a pointer to a data region for 
the procedure. 

Before executing the branch-gateway, instruction, register 1 must be set to point at the 
gateway, and register 0 must be set to the address of the target code address plus the desired 
privilege level. A "L.L64.Lj\ rO=rl,0" instruction is one way to set register 0, if register 1 
has akeady been set, but any means of getting the correct value into register 0 is permissible. 



r3 w3 x2 g3 




r2 w2 x3 g3 



Gateway with pointers to code and data spaces 



Similarly, a return from a system or privileged routine involves a reduction of privilege. This 
need not be carefully controlled by architectural facilities, so a procedure may freely branch 
to a less-privileged code address. Normally, such a procedure restores the stack frame, then 
uses the branch-down instruction to return. 
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Typical dynamic-linked. Inter-gateway calling sequence: 

caller: 



caller 


A>\DDI 




// allocate caller stack frame 




SJ.64>\ 


lp,sp,off 




S 1 MA 








LI.64A 


lp=dp.off 


// load Ip 




LIMA 


dp=dp,off 


// load dp 




B.GATE 






Ll.64>\ 


dp,sp,off 






... (code using dp) 








LI.64A 


lp=sp,off 


// restore original Ip register 




AADDI 


sp=:size 


// deallocate caller stack fram 




B 


Ip 


// return 


callee (non-leaf): 






calee: 


LJ.64A 


dp=dp,off 


// load dp with data pointer 




S.I.64A 


sp,dp,off 






LI.64A 


sp=dp,off 


// new stack pointer 




S.I.64A 


lp,sp,off 






S.I.64A 


dp,sp,off 






... (using dp) 








LI.64A 


dp,sp,off 






... [code using dp) 








LI.64A 


lp=:sp,off 


// restore original Ip register 




L.I.64A 


sp=:sp,off 


// restore original sp register 




B.DOWN 


»P 





callee (leaf, no stack): 

callee: ... (using dp) 

B.DOWN Ip 

It can be observed that the calling sequence is identical to that of the inter-module calling 
sequence shown above, except for the use of the B.GATE instruction instead of a B.LINK 
instruction. Indeed, if a B.GATE instruction is used when the privilege level in the Ip 
register is not higher than the current privilege level, the B.GATE instruction performs an 
identical function to a B.LINK. 

The callee, if it uses a stack for local variable allocation, cannot necessarily trust the value of 
the sp passed to it, as it can be forged. Similarly, any pointers which the callee provides 
should not be used directly unless it they are verified to point to regions which the callee 
should be permitted to address. This can be avoided by defining application programming 
interfaces (APIs) in which all values are passed and returned in registers, or by using a 
trusted, intermediate privilege wrapper routine to pass and return parameters. The method 
described below can also be used. 

It can be useful to have highly privileged code call less-privileged routines. For example, a 
user may request that errors in a privileged routine be reported by invoking a user-supplied 
error-logging routine. To invoke die procedure, the privilege can be reduced via the branch- 
down instruction. The return from the procedure actually requires an increase in privilege, 
which must be carefully controlled. This is dealt with by placing the procedure call within a 
lower-privilege procedure wrapper, which uses the branch-gateway instruction to return to 
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the higher privilege region after the call through a secure re-entry point. Special care must be 
taken to ensure that the less-privileged routine is not permitted to gain unauthorized access 
by corruption of the stack or saved registers, such as by saving all registers and setting up a 
new stack frame (or restoring the original lower-privilege stack) that may be manipulated by 
the less-privileged routine. Finally, such a technique is vulnerable to an unprivileged routine 
attempting to use the re-entry point direcdy, so it may be appropriate to keep a privileged 
state variable which controls permission to enter at the re-entry point 

Instruction Scheduling 

The next section describes detailed pipeline organization for Zeus, which has a significant 
influence on instruction scheduling. Here we will elaborate some general rules for effective 
scheduling by a compiler. Specific information on numbers of fimctional units, functional 
vinit parallelism and latency is quite implementation-dependent, values indicated here are 
valid for Zeus's first implementation. 

Separate Addressing from Execution 

Zeus has separate function units to perform addressing operations (A, L, S, B instructions) 
from execution operations (G, X, E, W instructions). When possible, Zeus will execute all 
the addressing operations of an instruction stream, deferring execution of the execution 
operations until dependent load instructions are completed. Thus, the latency of the memory 
system is hidden, so long as addressing operations themselves do not need to wait for 
memory. 

Software Pipeline 

Instructions should generally be scheduled so that previous operations can be completed at 
the time of issue. When this is not possible, the processor inserts sufficient empty cycles to 
perform the instructions precisely - explicit no-operation instructions are not required. 

Multiple Issue 

Zeus can issue up to two addressing operations and up to two execution operations per cycle 
per thread. Considering functional unit parallelism, described below, as many of four 
instruction issues per cycle are possible per tiiread. 

Functional Unit parallelism 

Zeus has separate function units for several classes of execution operations. An A unit 
performs scalar add, subtract, boolean, and shift-add operations for addressing and branch 
calculations. The remaining functional units are execution resources, which perform 
operations subsequent to memory loads and which operate on values in a parallel, 
partitioned form. A G unit performs add, subtract, boolean, and shift-add operations. An X 
unit performs general shift operations. An E unit performs multiply and floating-point 
operations. A T unit performs table-look-up operations. 
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Each instruction uses one or more of these units, according to the table below. 



Instruction 


A 


G 


X 


E 


T 


A 


X 










B 


X 










L 


X 










S 


X 










G 




X 








X 






X 






E 






X 


X 




W.TRANSLATE 


X 








X 


W.MULMAT 


X 




X 


X 




w.swrrcH 


X 




X 







Latency 

The latency of each functional unit depends on what operation is performed in the unit, and 
where the result is used. The aggressive nature of the pipeline makes it difficult to 
characterize the latency of each operation with a single number. Because the addressing unit 
is decoupled from the execution unit, the latency of load operations is generally hidden, 
unles the result of a load instruction must be retumed to the addressing unit Store 
instructions must be able to compute the address to which the data is to be stored in the 
addressing unit, but the data will not be irrevocably stored until the data is available and it is 
valid to retire the store instruction. However, under certain conditions, data may be 
forwarded from a store instruction to subsequent load instructions, once the data is 
available. 

The latency of each of these units, for the initial Zeus implementation is indicated below: 



Unit 


instruction 


Latency rules 


A 


A 


1 cycle 




L 


Address operands must be ready to issue, 
4 cycles to A unit 0 to G, X T units 




S 


Address operands must be ready to issue. 
Store occurs when data is ready and instruction 

may be retired. 




B 


Conditional branch operands may be provided 
from the A unit (64-bit values), or the G unit (128- 
bit values). 4 cycles for mispredicted branch 




W 


Address operand must be ready to issue. 


G 


G 


1 cycle 


X 


X W.SWfTCH 


I cycle for data operands, 2 cycles for shift 
amount or control operand 


E 


E. W.MULiVIAT 


4 cycles 


T 


WTRANSIATE 


I cycles 
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Pipeline Organization 

Zeus performs all instructions as if executed one-by-one, in-order, widi precise exceptions 
always available. Consequentiy, code that ignores the subsequent discussion of Zeus pipeline 
implementations will still perform correctly. However, the highest performance of the Zeus 
processor is achieved only by matching the ordering of instructions to the characteristics of 
the pipeline. In the following discussion, the general characteristics of all Zeus 
implementations precede discussion of specific choices for specific implementations. 

Classical Pipeline Structures 

Pipelining in general refers to hardware structures that overlap various stages of execution of 
a series of instructions so that the time required to perform the series of instructions is less 
than the sum of the times required to perform each of the instructions separately. 
Additionally, pipelines carry to connotation of a collection of hardware structures which 
have a simple ordering and where each structure performs a specialized function. 

The diagram below shows the timing of what has become a canonical pipeline structure for a 
simple RISC processor, with time on the horizontal axis increasing to the right, and 
successive instructions on the vertical axis going downward. The stages I, R, E, M, and W 
refer to units which perform instruction fetch, register file fetch, execution, data memory 
fetch, and register file write. The stages are aligned so that the result of the execution of an 
instruction may be used as the source of the execution of an immediately following 
instruction, as seen by the fact that the end of an E stage (bold in line 1) lines up with the 
beginning of the £ stage (bold in line 2) immediately below. Also, it can be seen that the 
result of a load operation executing in stages E and M (bold in line 3) is not available in the 
inunediately following instruction (line 4), but may be used two cycles later (line 5); this is 
the cause of the load delay slot seen on some RISC processors. 
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M 
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R 


E 
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1 


R 


E 


M 
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1 


R 


E 


M 


W 
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1 


R 


E 


M 


W 1 


canonica 


pipeline 



In the diagrams below, we simplify the diagrams somewhat by eliminating the pipe stages for 
instruction fetch, register file fetch, and register file write, which can be understood to 
precede and follow the portions of the pipelines diagrammed. The diagram above is shown 
again in this new format, showing that the canonical pipeline has very litde overlap of the 
actual execution of instructions. 
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A superscalar pipeline is one capable of simultaneously issuing two or more instructions 
which are independent, in that they can be executed in either order and separately, producing 
the same result as if they were executed serially. The diagram below shows a two-way 
superscalar processor, where one instruction may be a register-to-register operation (using 
stage E) and the other may be a register-to-registcr operation (using stage A) or a memory 
load or store (using stages A and M). 
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4 




A 
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A 


M 




superscalar pipeline 



A superpipelined pipeline is one capable is issuing simple instructions frequently enough that 
the result of a simple instruction must be independent of the immediately following one or 
more instructions. The diagram below shows a two-cycle superpipelined implementation: 
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superpipelined pipeline 



In the diagrams below, pipeline stages are labelled with the type of instruction that may be 
performed by that stage. The posititon of the stage further identifies the function of that 
stage, as for example a load operation may require several L stages to complete the 
instruction. 

Superstrinq Pipeline 

Zeus architecture provides for implementations designed to fetch and execute several 
instructions in each clock cycle. For a particular ordering of instruction types, one 
instruction of each type may be issued in a single clock cycle. The ordering required is A, L, 
E, S, B; in other words, a register-to-register address calculation, a memory load, a register- 
to-register data calculation, a memory store, and a branch. Because of the organization of the 
pipeline, each of these instructions may be serially dependent. Instructions of type E include 
the fixed-point execute-phase instructions as well as floating-point and digital signal 
processing instructions. We call this form of pipeline organization "superstring,"^ because of 
the ability to issue a string of dependent instructions in a single dock cycle, as distinguished 



^Readets with a background in theoretical physics may have seen this term in an other, unrelated, context 
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from superscalar or superpipelined organizations, which can only issue sets of independent 
instructions. 

These instructions take from one to four cycles of latency to execute, and a branch 
prediction mechanism is used to keep the pipeline filled. The diagram below shows a box for 
the interval between issue of each instruction and the completion. Bold letters mark the 
critical latency paths of the instructions, that is, the periods between the required availability 
of the source registers and the earliest availability of the result registers. The A-L critical 
latency path is a special case, in which the result of the A instruction may be used as the base 
register of the L instruction without penalty. E instructions may require additional cycles of 
btency for certain operations,, such as fixed-point multiply and divide, floating-point and 
digital signal processing operations. 
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Superspring Pipeline 

Zeus architecture provides an additional refinement to the organization defined above, in 
which die time permitted by the pipeline to service load operations may be flexibly extended. 
Thus, the front of the pipeline, in which A, L and B type instructions are handled, is 
decoupled from the back of the pipeline, in which E, and S type instructions are handled. 
This decoupling occurs at the point at which the data cache and its backing memory is 
referenced; similarly, a FIFO that is filled by the instruction fetch unit decouples instruction 
cache references from the front of the pipeline shown above. The depth of the FIFO 
structures is implementation-dependent, i.e. not fixed by the architecture. 
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The diagram below indicates why we call this pipeline organization feature "superspring/* an 
extension of our superstting organization. 









Superspring pipeline 



With the super-spring organization, the latency of load instructions can be hidden, as execute 
instructions are deferred until the results of the load are available. Nevertheless, the 
execution unit still processes instructions in normal order, and provides precise exceptions. 
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Superspring pipeline 



Superthread Pipeline 

This technique, is not employed in the initial Zeus implementation, though it was present in 
an earliei: prototype implementation. 

A difficulty of superpipelining is that dependent operations must be separated by the latency 
of the pipeline, and for highly pipelined machines, the latency of simple operations can be 
quite significant The Zeus "superthread** pipeline provides for very highly pipelined 
implementations by alternating execution of two or more independent threads. In this 
context, a thread is the state required to maintain an independent execution; the architectural 
state required is that of the register file contents, program counter, privilege level, local TB, 
and when required, exception status. Ensuring that only one thread may handle an exception 
at one time may minimize the latter state, exception status. In order to ensure that all threads 
make reasonable forward progress, several of the machine resources must be scheduled 
fairly. 
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An example of a resource that is critical that it be fairly shared is the data memory/cache 
subsystem. In a prototype implementation, Zeus is able to perform a load operation only on 
every second cycle, and a store operation only on every fourth cycle. Zeus schedules these 
fixed timing resources fairly by using a round-robin schedule for a number of threads that is 
relatively prime to the resource reuse rates. For this implementation, five simultaneous 
threads of execution ensure that resources which may be used every two or four cycles are 
fairly shared by allowing the instructions which use those resources to be issued only on 
every second or fourth issue slot for that thread. 

In the diagram below, the thread number which issues an instruction is indicated on each 
clock cycle, and below it, a list of which functional units may be used by that instruction. 
The diagram repeats every 20 cycles, so cycle 20 is similar to cycle 0, cycle 21 is similar to 
cycle 1, etc. This schedule ensures that no resource conflict occur between threads for these 
resources. Thread 0 may issue an E, L, S or B on cycle 0, but on its next opportunity, cycle 5, 
may only issue E or B, and on cyde 10 may issue E, L or B, and on cycle 15, may issue E or 
B. ■ . 
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When seen from the perspective of an individual thread, the resource use diagram looks 
similar to that of the collection. Thus an individual thread may use the load unit every two 
instructions, and the store unit every four instructions. 
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Superthread pipeline 



A Zeus Superthreac! pipeline, with 5 simultaneous threads of execution, permits simple 
operations, such as register-to-register add (G.ADD), to take 5 cycles to complete, allowing 
for an extremely deeply pipelined implementation^ 

Simultaneous Multithreading 

The intial Zeus implementation performs simultaneous multithreading among 4 threads. 
Each of the 4 threads share a common memory system, a common T unit. Pairs of threads 
share two G units, one X unit, and one E unit Each thread individually has two A units. A 
fair allocation scheme balances access to the shared resources by the four threads. 
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Branch/fetch Prediction 

Zeus does not have delayed branch instructions, and so relies upon branch or fetch 
prediction to keep the pipeline full around unconditional and conditional branch 
instructions. In the simplest form of branch prediction, as in Zeus's first implementation, a 
taken conditional backward (toward a lower address) branch predicts that a fiiture execution 
of the same branch will be taken. More elaborate prediction may cache the source and target 
addresses of multiple branches, both conditional and unconditional, and both forward and 
reverse. 

The hardware prediction mechanism is tuned for optimizing conditional branches that close 
loops or express frequent alternatives, and will generally require substantially more cycles 
when executing conditional branches whose outcome is not predominately taken or not- 
taken. For such cases of unpredictable conditional results, the use of code that avoids 
conditional branches in favor of the use of compare-set and multiplex instructions may 
result in greater performance. 

Under some conditions, the above technique may not be applicable, for example if the 
conditional branch "guards'* code which cannot be performed when the branch is taken. 
This may occur, for example, when a conditional branch tests for a valid (non-zero) pointer 
and the conditional code performs a load or store using the pointer. In these cases, the 
conditional branch has a small positive offset, but is unpredictable. A Zeus pipeline may 
handle this case as if the branch is always predicted to be not taken, with the recovery of a 
misprediction causing cancellation of the instructions which have already been issued but 
not completed which would be skipped over by the taken conditional branch. This 
"conditional-skip" optimization is performed by the initial Zeus implementation and 
requires no specific architectural feature to access or implement. 

A Zeus pipeline may also perform **branch-return" optimization, in which a branch-link 
instruction saves a branch target address that is used to predict the target of the next 
returning branch instruction. This optimization may be implemented with a depth of one 
(only one return address kept), or as a stack of finite depth, where a branch and link pushes 
onto the stack, and a branch-register pops from the stack. This optimization can eliminate 
the misprediction cost of simple procedure calls, as the calling branch is susceptible to 
hardware prediction, and the returning branch is predictable by the branch-return 
optimization. Like the conditional-skip optimization described above, this feature is 
performed by the initial Zeus implementation and requires no specific architectural feature 
to access or implement. 

Zeus implements two related instructions that can eliminate or reduce branch delays for 
conditional loops, conditional branches, and computed branches. The "branch-hint*' 
instruction has no effect on architectural state, but informs the instruction fetch unit of a 
potential fiiture branch instruction, giving the addresses of both the branch instruction and 
of the branch target. The two forms of the instruction specify the branch instruction address 
relative to the current address as an immediate field, and one form (branch-hint-immediate) 
specifies the branch target address relative to the current address as an immediate field, and 
the other (branch-hint) specifies the branch target address from a general register. The 
branch-hint-inunediate instruction is generally used to give advance notice to the instruction 
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fetch unit of a branch-conditional instruction, so that instructions at the target of the branch 
can be fetched in advance of the branch-conditional instruction reaching the execution 
pipeline. Placing the branch hint as early as possible, and at a point where the extra 
instruction will not reduce the execution rate optimizes performance. In other words, an 
optimizing compiler should insert the branch-hint instruction as early as possible in the basic 
block where the parcel will contain at most one other "front-end" instruction. 

Additional Load and Execute Resources 

Studies of the dynamic distribution of Zeus instructions on various benchmark suites 
indicate that the most frequendy-issued instruction classes are load instructions and execute 
instructions. In a high-performance Zeus implementation, it is advantageous to consider 
execution pipelines in which the ability to target tiiie machine resources toward issuing load 
and execute instructions is increased. 

One of the means to increase the ability to issue iexecute-class instructions is to provide the 
means to issue two execute instructions in a single-issue string. The execution unit actually 
requires several distinct resources, so by partitioning these resources, the issue capability can 
be increased without increasing the number of functional units, other than the increased 
register file read and write ports. The partitioning favored for the initial implementation 
places all instructions that involve shifting and shuffling in one execution unit, and all 
instructions that involve multiplication, including fixed-point and floating-point multiply and 
add in another unit. Resources used for implementing add, subtract, and bitwise logical 
operations may be duplicated, being modest in size compared to the shift and multiply units, 
or shared between the two units, as the operations have low-enough latency that two 
operations might be pipelined within a single issue cycle. These instructions must generally 
be independent, except perhaps that two simple add, subtract, or bitwise logical instructions 
may be performed dependently, if the resources for executing simple instructions are shared 
between the execution units. 

One of the means to increase the ability to issue load-class instructions is to provide the 
means to issue two load instructions in a single-issue string. This would generaDy increase 
the resources required of the data fetch unit and the data cache, but a compensating solution 
is to steal the resources for the store instruction to execute the second load instruction. 
Thus, a single-issue string can then contain either two load instructions, or one load 
instruction and one store instruction, which uses the same register read ports and address 
computation, resources as the basic 5-instruction string. This capability also may be 
employed to provide support for unaligned load and store instructions, where a single-issue 
string may contain as an alternative a single unaligned load or store iiistniction which uses 
the resources of the two load-class units in concert to accomplish the unaligned memory 
operation. . 

Result Forwarding 

When temporally adjacent instructions are executed by separate resources, the results of the 
first instruction must generally be forwarded directiy to the resource used to execute the . 
second instruction, where the result replaces a value which may have been fetched from a 
register file. Such forwarding paths use significant resources. A Zeus implementation must 
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generally provide forwarding resources so that dependencies from earlier instructions within 
a string are immediately forwarded to later instructions, except between a first and second 
execution instruction as described above. In addition, when forwarding results from the 
execution units back to the data fetch unit, additional delay may be incurred. 
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Instruction Set 

This section describes the instruction set in complete architectural detail. Operation codes 
are numerically defined by their position in the following operation code tables, and are 
referred to symbolically in the detailed instruction definitions. Entries that span more than 
one location in the table define the operation code identifier as the smallest value of all the 
locations spanned. The value of the symbol can be calculated from die sum of the legend 
values to the lefr and above the identifier. 

Instructions that have great similarity and identical formats are grouped together. Starting on 
a new page, each category of instructions is named and introduced. 

The Operation codes section lists each instruction by mnemonic that is defined on that page. 
A textual interpretation of each instruction is shown beside each mnemonic. 

The Equivalences section lists additional instructions known to assemblers that are 
equivalent or special cases of base instructions, again with a textual interpretation of each 
instruction beside each mnemonic. Below the list, each equivalent instruction is defined, 
either in terms of a base instruction or another equivalent instruction. The symbol between 
the instruction and the definition has a particular meaning. If it is an arrow (<— or -»), it 
connects two matiiematicaly equivalent operations, and the arrow direction indicates which 
form is preferred and produced in a reverse assembly. If the symbol is a (<=), the form on 
the left is assembled into the form on the right solely for encoding purposes, and -the form 
on the right is otherwise illegal in the assembler. The parameters in these definitions are 
formal; the names are solely for pattern-matching purposes, even thoUgh they may be 
suggestive of a particular meaning. 

The Redundancies section lists instructions and operand values that may also be performed 
by other instructions in the instruction set. The symbol connecting the two fonns is a (<=>), 
which indicates that the two forms are mathematically equivalent, both are legal, but the 
assembler does not transform one into the other. 

The Selection section lists instructions and equivalences together in a tabular form that 
highlights the structure of the instruction nmemonics. 

The Format section lists (1) the assembler format, (2) the C intrinsics format, (3) the bit-level 
instruction format, and (4) a definition of bit-level instruction format fields that are not a 
one-for-one match with named fields in the assembler format. 

The Definition section gives a precise definition of each basic instruction. 

The Exceptions section lists exceptions that may be caused by the execution of the 
instructions in this category. 
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Major Operation Codes 

All instructions are 32 bits in size, and use the high order 8 bits to specify a major operation 
code. 

31 24 23 \ \ 0 _ 

I major | other | 

8 24 



The major field is filled with a value specified by the following table:^ 



MAJOR 


0 


32 


64 


96 


128 


160 


192 


224 


0 


ARES 


BEF16 


UI6L 


SII6L 




XDEPOS/T 




WMULMATXIL 


I 


MODI 


BEF32 


11168 


SII6B 


GAODI 




EMULXIU 


\X/MULMATXIB 


2 


AADDl.O 


BEF64 


UI6AL 


SM6AL 


GA0D1.O 




EMULXIM 


WMULMAIXfUL 


3 


AADDIU.O 


B£Ft28 


U16A8 


$n6A8 


GADDIU.O 




EMUUIC 


WMULMATXfUB 


4 




BLGF16 


U32L 


SI32L 




XDEPOSITU 


EMULAODXJ 


^K^LMATXIML 


5 


ASUBI 


BLGF32 


U32B 


SI32B 


GSU8I 




EMUIADOXIU 


WMULMATXIMB 


6 


ASUBI.O 


BLGF64 


U32AL 


SI32AL 


G$UBI.O 




EMULAODXIM 


WMUUMATXJCL 


7 


ASUBIU.O 


BLGFI28 


U32AB 


S(32AB 


GSUBIUO 




EMULADDXtC 


WMULMA7XICB 


8 


ASETEI 


BLFI6 


U64L 


SI64L 


. GSETEl 


XWITHORAW 






9 


ASETNEI 


BLF32 


U64B 


SI648 


GSETNEI 








10 


ASETANOEI 


BLF64 


U64AL 


SI64AL 


GSETANDEI 








1 1 


ASETANDNEl 


BLFI28 


U64AB 


SI64AB 


GSETANONEI 








12 


ASETU 


BGEFI6 


UI28L 


SII28L 


GSETU 


XNVfTHDRAWli 






13 


ASETGa 


. BGEF32 


UI28B 


SI! 288 


GSETGEI 




ECONXIMB 1 


• 


14 


ASETUU 


BGEF64 


Ut2aAI. 


SII28AL 


GSEHJU 








15 


ASETGEIU 


BGEFI28 


U128AB 


SII28A8 


GSETGEIU 








16 


AANDI 


BE 


UUI6L 


SASI64AL 


GANOI 


XOEPOSrTM 


ESCALLOP 16 


WMULMA7XL 


17 


ANANDl 


BNE 


UU16B 


SASI64AB 


GNANOI 




E$CALADDF32 


WMULMATXB 


18 


AORI 


BANOE 


UUI6AL 


SCS164AL 


GORI 




ESCAMDDF64 


WMULMATGL 


19 


ANORI 


BANDNE 


UUI6AB 


SCSI64A8 


GNORI 




ESCAIADDX 


WMULMATGB 


20 


AXQRI 


BL 


UU32L 


SMSI64AL 


GXORI 


XSWIZZLE 


EMULGB 




21 


AMUX 


BGE 


UU328 


$MSI64A8 


GMUX 




EMULG64 




22 




BLU 


UU32A1. 


SMUXIMAL 


GBOOLEAN 




EMULX 




23 




BGEU 


UU32A8 


SMUXi64A8 






EDCTRAa 




24 


Acopyi 


BVF32 


UU64L 




GCOPYI 


XEXTRACT 


EEXTRACn 




25 




B^A/F32 


UU648 






XSELECT8 


EEXTRACnU 




26 




BIF32 


UU64AL 










WTABLEL 


27 




BNIF32 


UU64AB 




G8 




E8 


WTABLEB 


28 




81 


LIS 


SI8 


G16 


XSHUFFLE 


E.I6 


WSWITCHL 


29 




BUNKI 


UU8 




G32 


XSHIFTl 


E.32 


WSWnCHB 


30 




BHINTl 






G64 


XSHIFT 


E.&4 


WMINORL 


.31 


AMtNOR 


BMINOR 


LMiNOR 


SMINOR 


G128 




E.I28 


WMfNORB 



major operation code field values 



^Blank table entnes cause the Reserved Instnicdon exception to occur. 
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Minor Operation Codes 

For the major operation Held values A.MINOR, B.MINOR, L.MINOR, S.MINOR, G.8, 
G.16, G.32, G.64, G.128, XSHIFTI, XSHIFT, E.8, E.16, E.32, E.64, E.128, W.MINOR.L 
and W.MINOR-B, die lowest-order six bits in the instruction specify a minor operation 
code: 

31 24 23 65 0 

I major j other | minor \ 



The minor field is filled Avith a value firom one of the foUo^ving tables: 



AMINOR 


0 


8 


16 


24 


32 


40 


48 


56 


0 




AAND 


ASETE 


ASETEF 




ASHU 


ASHUADD 




1 


AAOO 


AXOR 


ASETNE 


ASETLGF 










2 


AADDO 


AOR 


ASETANOE 


ASETLF 




ASHUO 






3 


ySAODUO 


AANDN 


ASETANONE 


ASETGEF 




ASHUUO 






4 




AORN 


ASEHAZ 


ASETEF J( 






ASHUSUB 




5 


ASUB 


AXNOR 


ASETGE/GBZ 


ASETLGFJ< 










6 


. ASUBO 


ANOR 


ASEaU/GZ 


ASETLF J< 




ASHRI 






7 


lASUBUO 


ANANO 


ASETGEU/LEZ 


ASETGEFJC 




ASHRfU 




ACOM 



minor operation code field values for AMINOR 



B.M1NOR 


0 


8 


16 


24 


32 


40 


48 


56 


0 


B 
















1 


BLINK 
















2 


BHINT 
















3 


BDOWN 
















4 


BGATE 
















5 


BBACK 
















6 


BHALT 
















7 



















minor operation code field values for B.MINOR 



L.MINOR 


0 


8 


16 


24 


32 


40 


48 


56 


0 


LI6L 


L64L 


LUf6L 


LU64L 










I 


LI6B 


L64B 


LUI6B 


LU64B 










2 . 


Lt6AL 


. L64AL 


LUI6AL 


LU64AI. 










3 


LI6AB 


L64AB 


LUI6AB. 


LU64AB 










4 


U2L 


LI28L 


LU32L 


LB 










5 


U2B 


LI2aB 


LU32B 


LU8 










6 


L32AL 


L128AL 


LU32AL 












7 


L32AB 


LI2aAB 


LU32AB 













minor operation code field values for LMINOR 



-59- 



MicroUnity 



Zeus System Architecture 



Tue,Augl7,1999 



Instruction Set 
Minor Operation Codes 



S.MINOR 


0 


8 


16 


24 


32 


40 


48 


56 


0 


S16L 


S64L 


SAS64AL 












1 


S16B 


S64B 


SAS64AB 












2 


SI6AL 


S64AL 


SCS64AL 


SDCS64AL 










3 


SI6AB 


S64AB 


SCS64AB 


SDCS64AB 










4 


S32L 


S128L 


SMS64AL 


S8 










5 


S328 


SI28B 


SMS64AB 












6 


S32A1. 




SMUX64A1. 












7 


S32AB 


S12aA8 


SMUX64AB 












minor operation code field values for S.MINOR 




G.size 


0 


8 


16 


24 


32 


40 


48 


56 


0 






GSETE 


GSCTEF 


GAOOHN 


GSUBHN 


GSHUADO 


GAOOL 


I 


GADD 




GSETNE 


GSETLGF 


GADOHZ 


GSU8HZ 




GADDLU 


2 


GAOOO 




GSEtANDE 


GSETLF 


GADOHF 


GSUBHF 




GAAA 


3 


GAE>DUO 




GSETANONE 


CSETGEF 


GAODHC 


GSUBHC 






4 






GSETlvlZ 


GSEIZFX 


GAOOHUN 


GSUBHUN 


GSHUSUB 


GSUBL 


5 


GSU8 




GSETGE/GEZ 


GSETLGFX 


GAOOHUZ 


GSUBHUZ 




G5UBLU 


6 


GSUBO 




GSE1UVGZ 


QSEJlfX 


GADOHUF 


GSUBHUF 




GASA 


7 


G5U8UO 




GSETGEU/LEZ 


GSETGEFJC 


GAOOHUC 


GSUBHUC 




GCOM 



minor operation code field values 



or Csize 



xsHim 


0 


8 


16 


24 


32 


40 


48 


56 


0 


XSHU . 


XSHUG 




XSHRt 




XEXRANOI 




XCOMPRESSI 


1 


















2 


















3 


















4 


XSHLMI 


XSHUOU 


XSHRtM 


XSHRHJ 


XROTU 


XEXRANOlU 


XROTRI 


XCOMPRESSIU 


5 


















6 


















. 7 



















minor operation code field values for XSHIFTI 



XSHIFT 


0 


8 


16 


24 


32 


40 


48 


56 


0 


XSHL 


XSHLO 




XSHR 




XEXRAND. 




XCOMPRESS 


1 


















2 


















3 


















4 


XSHLM 


XSHLOU 


XSHRM 


XSHRU 


XROTL 


XEXPANDU 


XROTR 


XCOMPRESSU 


5 


















6 


















7 



















minor operation code field values for XSHIFT 



E.size 


0 


8 


16 


24 


32 


.40 


48 


56 


0 


EMULfN 


EMULADDFN 


EADDFN 


ESUBFN 


EMUt 






ECON 


I 


EMULfZ 


EMULADDF2 


EADDFZ 


ESUBFZ 


EMULU 


BMUUKDDU 


EDfVFZ 


ECONU 


2 


EMULfF 


EMULADDFF 


EADDFF 


ESUBFF 


EMULM 


EMULAODM 


EDA/FF 


ECONM 


3 


EMULFC 


EMUL>VDDFC 


EADDFC 


ESUBFC 


EMULC 


EMULADDC 


. EDJVFC 


ECONC 


4 


EMULFX 


EMULAODFX 


EADDFX 


ESUBFX 


EMULSUM 


EMULSUB 


EDIVFX 


EOJV 


5 


EMULF 


EMULADDF 


EADDF 


ESUBF 


EMUL5UMU 


EMULSUBU 


EDIVF 


EDMJ 


6 


EMULCF 


EMULADDCF 


ECONFL 


ECONCFL 


EMULSUMM 


EMULSUBM 


EMULSUMF 


EMULP 


7 


EMULSUMCF 


EMULSUBCF 


ECONFB 


ECONCFB 


EMULSUMC 


EMULSUBC 


EMULSUBF 


EUNARY 



minor operation code fie 



d values for E.size 
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0 


8 


16 


24 


32 


40 


48 


56 


0 


WMULMATB 


WMULMATM8 














1 


WMUIMATI6 


WMULMATMI6 


WMULMATFI6 












2 


WMULAMT32 


WMULMATR02 


WMULMATF32 












3 


WNRJLAW64 


^WMULMATM&4 


WMU1AMTF64 












4 


MVMULMATU8 


WMULMATCB 




WMULMATP8 










5 


\VMULMATUI6 


WMULMATC16 


WMULMATCFI6 


WMULMArPI6 










6 


WMULM^TU32 


WMULMATC32 


WJUULMMCF32 


WMULM^TP32 










7 


WMULMATU64 


WMULM^TC64 


WMULMATCF64 


WMULMATP64 











minor operation code field values for W.MINOR.L or W.MINOR.B 



For the major operation Held values E.MUL.X.I, E.MUL.X.LU, E.MUL^.I.M, 
E.MUL.X.I.C, E.MUL.ADD.X.I, E.MULj\DD.X.I.U, E.MULj\DD.X.I.M, 
E.MULjyDD.X.I.C, E.CON.X.I.L, E.CON.XI.B, E.CON.X.I.U.L, E.CON.X.I.U.B, 
E.CON.XI.M.L, E.CON.XLM.B, E.CON.XI.C.L, E.CONXI.C.B, E.EXTRACT.I, 
E.EXTRACT.I.U, W.MUL.MAT.XI.U.L, W.MUL.MAT.X.LU.B, W.MUL.MAT.XI.M.L, 
W.MUL.MAT.X.I.M.B, W.MUL.MAT.X.I.C.L, and W.MUL.MAT.X.I.C.B, another six bits 
in the instruction specify a minor operation code, which indicates operand size, rounding, 
and shift amount: 



31 



I major 



24 23 



other 



6 5 0 

I minor | 



8 



18 



The minor field is filled with a value firom the following table: Note that the shift amount 
field value shown below is the "sh" value, which is encoded in an instruction-dependent 
manner from the immediate field in the assembler format. 



XI 


0 


8 


16 


24 


32 


40 


48 


56 


0 


aF.o 


. 8.N,0 


I6.F,0 


I6.N.0 


32.F.O 


32.N.0 


64.F,0 


64.N,0 


1 


8.F.I 


8.N,I 


I6.F.I 


I6.N.I 


32.FJ 


32.N.I 


64.F,I 


64.NJ 


2 


8.F.2 


8.N.2 


16-F,2 


I6.N,2 


32.F.2 


32.N,2 


64.F,2 


64.N.2 


3 


8.F.3 


8.N.3 


I6J=,3 


I6.N,3 


32.F.3 


32.N3 


64.F,3 


64.N3 


4 


az.0 


aco 


I6Z0 


I6.C.0 


32Z0 


32.C0 


64Z0 


64.C0 


5 


8ZI 


aci 


16ZI 


I6.CI 


32Zi 


32.CI 


64Z1 


64.CI 


6 


az,2 


8.C.2 


I6Z2 


I6.C2 


32Z2 


32.C.2 


64Z2 


64.C2 


7 


B2J 


8.C3 


)6Z3 . 


I6.C3 


32Z3 


32.C3 


64Z3 


64.C3 



EMULXIC EMULADDXI, EMUt>\DDXIU. EMUt>\DDXIM, EMUL>\DDXIC 
ECONXIL, ECONXia ECONXIUL ECONXlUB, ECONXIML EGONXIMa 
ECONXICL ECONXICB, EEXTRACTI, EEXTRACTIU, WMULMA7XIUL, 
WMULAMTXIUB. WMULMATXIML, WMULMA7XIMB, WMULMATXICL, and 

WMULMATXICa 



For the major operation field values GCOFYI, two bits in the instruction specify an operand 
size: 

31 : 24 23 18 1716IS ' - . 

I rd I sz i Imm ~1 

16 



8 
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For the major operation field values G.AND.I, G.NAND.I, G.NOR.I, G.OR.I, G.XOR.I, 
G.ADDJ, GJ\DD.I.O, GJ^DDLUO, G.SETAND.E.I, G.SET.j\ND.NE.I, G.SET.E.I, 
G.SET.GE.I, G.SET.L.I, G.SET.NEJ, G.SET.GE.LU, G.SET.L.I.U, G.SUB J, G.SUB J.O, 
G.SUB.I.UO, two bits in the instruction specify an operand size: 

3j 24 23 18 17 12 H 109 

I op I rd I rc \sz\ 1mm | 

8 6 6 2 10 

The S2 field is filled with a value firom the following table: 



S2 


size 


0 


16 


I 


32 


2 


64 


3 


128 



Operand size field values for G.COPY.I, GAND.I, G.NAND.I, G.NORJ, G.OR.I, 

GJ<OR.I, GADDl G>\DD.I.O, G>\DD.I.UO, G.SET.AND.E.I, G.SET^VsJD.NE.l 
G.SET.E.I G.SET.GE.I, G.SET.LI, G.SET.NE.I, G.SET.GE.LU G..SET.LI.U G.SUB.I, 

G.SUB.I.O, G.SUB.I.UO 

For the major operation field values E.8, E.16, E.32, E.64, E.128, with minor operation field 
value E.UNARY, another six bits in the instruction specify a unary operation code: 

31 24 23 18 17 1211 65 0 

I major | rd I rc j unary | minor | 

8 6 6 6 6 



The unary field is filled with a value from the following table: 



E.UNARY 


0 


8 


16 


24 


32 


40 


48 


56 


0 


ESORFN 


ESUMFN 


BSlNKfN 


EFLOkATFN 


EDEFIATEFN 


ESUM 






1 


ESORFZ 


ESUMFZ 


ESINKFZ 


EFLOATFZ 


EDEFtATEFZ 


ESUMU 


ESINKFZD 




2 


ESQRFF 


ESUMFF 


ESINKFF 


EFLQATFF 


EOEFIATEFF 


ELOGMOST 


ESlNKfFD 




3 


ESORFC 


ESUMFC 


ESINKFC . 


EFLOATFC 


EDEFLATEFC 


ELOGMOSTU 


ESINKFCD 




4 


ESQRFX 


ESUMFX 


ESINKFX 


EFLOATFX 


EDEFLATEFX 








5 


ESORF 


ESUMF 


ESINKF 


EFLQATF 


EOEFLATEF 








6 


ERSQRESTFX 


ERECESTFX 


EABSFX 


ENEGFX 


EINFtATEFX- 




ECOPYFX 




7 




EABSF 


ENEGf 


EINFLATEF 




ECOPyF 





unary operation code field values for E.UNARY.size 



For the major operation field values A.MINOR and G.MINORj with minor operation field 
values A.COM and G.COM, another six bits in the instruction specify a comparison 
operation code: 

31. 24 23 18 17 12 I I 6 5 0 

I major j rd j rc | compare | minor | 

8 6 6 6 6 
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The compare field is filled with a value from the following table: 



X.COM 


0 


8 


16 


24 


32 


40 


48 


56 


0 


xCOME 


xCOMEF 














I 


xCOMNE 


xCOMLGF 














2 


xCOMANDB 


xCOMLF 














3 


xCOMANONE 


xCOMGEF 














4 


XCOML 


xCOMEfX 














5 


xCOMGE 


xCOMLGFJC 














6 


xCOMLU 


xCOMLFJC 














7 


xCOMGEU 


xCOMGEFJC 















compare operation code field values for ACOM.op and G.COM.op.size 



General Forms 

The general forms of the instructions coded by a major operation code are one of the 
following: 



31 




24 23 








0 


1 


major 


1 








offset 1 




8 










24 


31 




24 23 




18 17 




0 


1 


major 


1 


rd 


1 




offset 1 




8 




6 






18 


31 




24 23 




18 17 




12 11 0 


1 


major 


1 


rd 


1 


rc 


i Offset 1 




8 




6 




6 


12 


31 




24 23 




18 17 




1211 65 0 


1 


major 


1 


rd 


1 


rc 


1 rb 1 ra | 




8 




6 




6 


6 6 



The general forms of the instructions coded by major and minor operation codes are one of 
the following: 



31 




24 23 




18 17 




12 II 




65 




0 


1 


major 


1 


rd 


1 


rc 


1 


rb 


1 


minor 


1 




8 




6 




6 




6 




6 




31 




24 23 




18 17 




12 n 




6 5 




0 


1 


major 


1 


rd 


1 


rc 


1 


simm 


1 


minor 


i 




8 




6 




6 




6 




6 





The general form of the instructions coded by major, minor, and unary operation codes is 
the following: 

31 24 23 18 17 12 1 1 6 5 0 

I major | rd | rc | unary | minor | 
8 6 6 6 6 
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Register rd is either a source register or destination register, or both. Registers rc and rb are 
always source registers. Register ra is always a destination register. 

Instruction Fetch 

Definition 

def Thread(th) as 
forever do 

catch exception 

if (EventRegister & EventMask[thJ) ^ 0 then 
if ExceptionState=0 then 
raise Eventlnterrupt 

endif 

endif 

inst LoadMemoryX(ProgramCounter,ProgramCounter,32,L) 

Instruction(inst) 
endcatch 
case exception of 

Eventlnterrupt 

Resen/edlnstruction, 

AccessDisallowedByVirtualAddress, 

AccessDisallowedByTag, 

AccessDisallowedByGfobalTB, 

AccessOisallowedByLocarrB, 

AccessDetaitRequiredByTag, 

AccessDetaifRequiredByGlobafTB, 

AccessDetailRequiredByLocafTB, 

MisslnGlobafTB, 

MissInLocafTB, 

FixedPointArithmetic 

FloatingPointArithmetic, 

GatewayDisallowed: 

case ExceptionState of 
0: 

PerformException|exception) 
PerformException(SecondException) 

2: 

PerfomilS/lachineCheclcfrhirdException) 

endcase 
TakenBranch: . 

ContinuationState (ExceptionStatessO) ? 0 : ContinuationState 
TakenBranchContinue: 

/* nothing */ 
none, others: 

ProgramCounter ProgramCounter +4 

ContinuationState (ExceptionState^O) 7 0 : ContinuationState 

endcase 
endforever 
enddef 
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Perform Exception 

Definition 

def PerformException(exception) as 

V <- {exception > 7) ? 7 : exception 

t <~ LoadMemory|ExceptionBase,ExceptionBa$e+Thread*128+64+8*v,64,L) 
if ExceptionState ^ 0 then 

u RegRead(3J28) M RegRead(2. 1 28) II RegRead(1,128) II RegRead(0J28) 

StoreMemory(ExceptionBase,ExceptionBase+Thread* 1 28,5 1 2,Uu) 

RegWrite(0,64,ProgramCounter63.,2 I I PrivilegeLevel 

RegWritel I,64,ExceptionBase<-Thread* 1 28) 

RegWrite(2,64,exception) 

RegWrite(3,64,FaitingAddress) 

endif 

PrivilegeLevel t|..o 
ProgramCounter U>3^2 110^ 
case exception of 

AccessDetailRequiredByTag, 

AccessDetailRequiredByGlobalTB, 

AccessDetailRequiredByLocafTB: 

ContinuatlonState ContinuationState + 1 
others: 

/* nothing */ 

endcase 

ExceptionState 4- ExceptionState + 1 
enddef 

Instruction Decode 

def Instruction(inst) as 
major inst3K.24 
rd <- inst23..l8 
rc 4- inst|7„i2 
simm <~ rb Inst n . 6 
minor ra inst5,,o 
case major of 
ARES: 

AlwaysReserved 
AMINOR: 

minor <- insts^o 
case minor of 

AADD, AADD.O, AADD.OU AAND, AANDN, ANAND, ANOR 
AOR, AORN, AXNOR, AXOR: 

Address(minor,rd,rc,rb) 
ACOM: 

compare 4- instil. .6 
case compare of 

ACOM.E, ACOM.NE, ACOMAND.E, ACOMAND.NE, 
ACOM.L ACOM.GE, ACOM.LU, ACOM.GE.U: 

AddressCompare(compare/d,rc) 
others: 

raise Resen/edlnstruction 
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endcase 
ASUB, ASUB.O, ASUB.U.O, 
ASETAND.E, ASETAND.NE, ASET.E, ASET.NE, 
ASET.L A.SET,GE, ASET.LU, ASET.GE.U 

AddressReversed(minor,rd/c,rb) 
ASHLIADD.ASHLIAD£>3: 

AddressShiftLeftlmmediateAddfinst i ..o^rd^rcrb) 
ASHLI.SUB.ASHLI.SUB+3: 

AddressShiftLeftlmmediateSubtract(inst i ..0/»*d,rc,rb) 
ASHLI, ASHLI.O, ASHLI.U.O, ASHRl ASHR.I.U, AROTR.I: 

AddressShiftlmmediate(minor/d,rc^imm) 
others: 

raise Reservedlnstruction 

endcase 
ACOPy.l 

AddressCopyJmmediate|major,rd,inst| 7..0) 
AADDJ, AADDJ.O, AADD.I.U.O, AAND.l AOR.I, ANAND.I, ANORJ, AXOR.I: 

Address]mmedlate(major,rd,rc,inst 1 1 ,,0) 
ASETAND.E.I, ASETAND.NEl ASET.E.1, ASET.NE.I, 
ASET.LI. E.SET.GE.I, ASET.LU.I, ASET.GE.U.I, 
ASUB.I, ASUB.I.O, ASUB.I.U.O: 

AddresslmmediateReversed{major,rd,rcJnst 1 1 ^0) 
AMUX: 

AddressTernary(major/d,rc,rb.ra) 
B.MINOR: 

case minor of 
B: 

Branch{rd,rcrb) 
B.BACK: 

BranchBack(rd.rcrbJ 
B.BARRIER: 

BranchBarrier(rd/c,rb) 
B.DOWN: 

BranchDown(rd.rc,rb) 
B.GATE: 

BranchGateway(rd,rc,rb) 
B.HALT: 

BranchHait(rd,rc,rb) 
B,HINT: 

BranchHint(rd,insti 7„ 1 2,simm) 
BUNK: 

BranchLink(rd,rc/b) 
others: 

raise Reservedlnstruction 

endcase 

BE, BNE, BU BGE, BLU, BGE.U, BAND.E, BAND.NE: 

BrahchConditional(major,rd/c.inst 1 1 „o) 
BHI^^•|: 

BranchHintfmmediate(inst23.. 1 a^^nst 1 7,. 1 2 Jnst 1 1 ..0) 

Bl: 

Branchlmmediate(lnst23..o) 
BLINKI: 

BranchlmmediateLlnk(inst23..o) 
BEF16, BLGFI6, BLFI6, BGEFI6, 
BEF32, BLGF32, BLF32, BGEF32, 
BEF64, BLGF64, BLF64, BGEF64, 
BEF128, BLGFI28, BLFI2a BGEF128: 
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BranchConditionalFloatingPoint{major,rd,rcinsti i ..o) 
BIF32, BNIF32, BNVF32, BVF32: 

BranchConditionalVisibilityFloatingPoint(major,rd,rcJnst 1 1 .0) 
LMINOR 

case minor of 

LI6L. LUI6U L32U LU32L L64L, LU64U LI28L L8, LU8, 
LI6AU LUI6AL, L32AU LU32AL L64AL, LU64AU L128AL. 
LI6B, LUI6B, L32B, LU32B, L64B, LU64B, LI28B, 
L16AB, LU16AB, t32AB, LU32AB, L64AB, LU64AB, L12aAB: 

Load(minor,rd,rc,rb) 
others: 

raise Reservedlnstruction 

endcase 

LI16L LIU16L U32L. LIU32L U64U UU64L Ut28L 118, LlUa 
LII6AU UU16AL, U32AL, UU32AL, LI64AU LiU64AU UI28AL, 
11168, LIU16B, LI32B, UU32B, LI64B, LIU64B, UI28B, 
LJI6AB, LIU16AB, LI32AB, UU32AB, LI64AB, LIU64AB, LII28AB: 

Loadlmmediate(major/d,rcinst 1 1 „o) 
S.MINOR 

case minor of 

S16U S32U S64U S128U 58, 
SI6AL, S32AC S64AL SI28AU 
SAS64AU .SCS64AL SMS64AL SM64AL 
SI 66, S32B, S64B, SI28B, 
SI6AB, S32AB, S64AB, SI28AB, 
SAS64AB, SCS64A6, SMS64AB, SM64AB: 

Store(minor,rd,rcrb) 
SDCS64AB, SDCS64AL: 

StoreDoubleCompareSwap|minor,rd,rc,rb) 
others: 

raise Reservedlnstruction 

endcase 
SI16L SI32L SI64U SJI28L SIS, 
SII6AL, SI32AL, S164AL, SII28AL, 
SASI64AL, SCSI64AL, SMSi64AL, SMUXI64AU . 
SII6B, SI32B, SI64B, SM28B, 
SM6AB. SI32AB, SI64AB, SI 12aAB 
SASI64AB, SCS(64AB, SMSI64AB, SMUXI64AB: 

Storelmmediate{major,rd,rcinst 1 1 ..0) 
G.8, G.I 6, G.32, G.64, G.I 28: 
minor ^ insts .o 
size <- 0 I I I II o3+major.G.8 
case minor of 

GADD. GADD,L G>\DD.LU, GADD.O, GADD.OU: 

Group(minor,size,rd,rc,rb) 
GADDHC G-ADDHF, G-ADDHN, G>\DDH2, . 
GJSDDHUC GADDHUF, G>\DDHUN, G-ADDHUZ: 

GroupAddHalve(mlnor,insti;.o,size,rd,rc,rb) 
G>W\, G>VSA: ' 

Grouplnplace(minor,size,rd,rcrb) 
G.SET>^ND.E, G.SET>\ND.NE, G.SET.E, G.SET.NE, 
G.SET.L, G,SET.GE, G.SET.LU, G.SFTGE.U: 
. G.SUB, G.SUB.L G.SUB.LU, G.SUB.O, G.SUB.U.O: 
GroupReversed(minor,size,ra,rb,rc) 
GSET£.F. G.SET.LG.F, G.SET.GE.F, G.SET.LF, 
G.SET.E,FX G.SET.LG.FX G.SET.GE.FX G-SET.LFX 
GroupReversedFloatingPoint(minor.op,.size, 
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minorround, rd, rc rb) 
G.SHLIADD..G.SHLIADD+3, 

GroupShiftLeftlmmediateAdd(lnst I ,.o.size,rd,rc,rb) 

G.SHLI.SUB..G.SHLI.SUB+3, 

GroupShiftLeftJmmedlateSubtract|inst|..o^ize,rd,rc.rb) 

G.SUBHC G.SUBHF, G.SUBHN, G.SUBHZ, 
G.SUBHUC G.SUBHUF, G.SUBHUN, GSUBHUZ: 

GroupSubtractHalve(minor,insti..0'^*2e,rd/c,rb) 
G.COM, 

compare <- instn..^ 
case compare of 

G.COM.E, G.COM.NE, G.COMAND.E, G.COMAND.NE, 
G.COM.L G.COM.GE, G.COM.LU G.COM.GE.U: 

GroupCompare(compare,size,ra,rb) 
others: 

raise Reservedlnstruction 

endcase 
others: 

raise Reservedlnstruction 

endcase 
G.BOOLEAN..G.BOOLEAN+1 : 

GroupBoolean(major,rd,rc,rb,minor) 
G.COPY.I...G.COPY.I+1: 

size 4-011 1 II 0'»+*"5t|7..i6 

GroupCopylmmediate(major,size,rdJnst 1 5..0) 
GAND.I, G.NANDX G.NOR.I, G.OR.I,, G^OR.I, 
GADD.l GADD.I.O, GADD.I.U.O: 

size 0 II 1 II O^^nstjijo 

Grouplmmediate(major,size,rd,rc,inst9..o) 
G.SETAND.E.I, G.SETAND.NEJ, G.SET.EJ, G.SET.GE.I, G.SET.LI, 
G.SET,NEJ, G.SET.GE.I.U G.SET.LI.a G,SUB.I, G.SUB.I.O, G,SUB.I.U.O: 

size 4-0 11 I II 0^»"5t|,.,,o 

GrouplmmediateReversed|major,size,rd,rcinst9„oJ 
G.MUX: 

GroupTernary(major,rd,rc,rb,raJ 
XSHIFt: 

minor 4- inst5..2 M 0^ 

size 4- 0 I I I II 0(""^24 1 1 'nst|..ol 

case minor of 

XEXPAND, X.UEXPAND, X.SHL X.SHLO, X.SHLU.O, 
X.ROTR. X.SHR, X.SHR.U, 

Crossbar(minor^ize,rd,rc,rb) 
X.SHLM, X.SHR.M: 

CrossbarInplace(minor,size/d,rc,rb) 
others: 

raise Reservedlnstruction 

endcase 
XEXTRACT: 

CrossbarExtract(major,rd/crb,ra) 
X DEPOSIT; X.DEPOSIT.U X.WITHDRAW XWfTHDRAW.U 

CrossbarField|major,rd,rcinst 1 1 ..6.»n5t5..o) 
X.DEPOSnr.M: 

CrossbarFieldfnplace|major,rd,rcJnst 1 1 ..6*inst5..o) 
XSHIFT.I: 

minor 4- insts. o 
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case minor5..2 M 0^ of 

X.COMPRESS.I, X.EXPAND.I, X.ROTRJ. XSHLl X.SHLI.O, X.SHLI.U.O, 
X.SHR.L X.COMPRESS.I.U, X.EXPAND.I.U X.SHR.UI: 

CrossbarShortlmmediate|minor/d,rc^imm) 
X.SHL.M.I, X.SHR.M.I: 

CrossbarShortlmmediatelnplace(minor/d,rcsimm) 
others: 

raise Resen^edlnstruction 

endcase 
X.SHUFFLE.XSHUFFLE+ 1 : 

CrossbarShuffIe(major,rd,rc,rb4imm) 
X.SWI2ZLE.J(.SWIZZLE+3: 

CrossbarSwizzle(majonrd,rc insti i..6Jnst5..o) 
X.SELECr.8: 

CrossbarTernafy(major,rd,rc/b,ra) 
E.a E.16, E.32, E.64, E.128: 
minor 4- insts .o 
size <- 0 i I III o3+major-E.8 
case minor of 

E.CON., ECON.U, E.CON.M, E.CON.C 

E.MUL, E.MULU E.MULM, E.MULQ 

EMUL3UM, E.MULSUM.U, E.MULSUM.M. E.MULSUM.C 

E.DIV, E.DJV.a E.MULP: 

Ensemble(minor,size/a,rb,rc) 
E.CON.F.L E.CON.F.B, E.CON.C.F.L, E.CON.C.F.B: 

EnsembleConvolveFloatingPoint|minor.size,rd,rc,rb) 
EADD.F.N, E.MULC.F.N, E.MULF.N. E.DIV.F.N, 
EADD.FZ E.MULC.F.Z, E.MULF.Z. E.DIV.F.Z, 
EADD.F.F, E.MULC.F.F, E.MULF.F, E.DIV.F.F, 
EADDJ.C E.MULCF.C E.MULF.C E.DJV.F.C, 
E^VDD.F, E.MULC.F, E.MULF, E.DIV.F, 
EADD.FX E.MULC.FX E.MULFX E.DfV.FX 

EnsembleFloatingPoint|minor.op, majorsize, minor.round, rd, re, rb) 
E.MULADO, E.MULADD.U E.MULADD.M, E.MULADD.C; 

Ensemblelnpiace(minor,size,rd,rc,rb) 
E.MULSUB, E.MULSUB.U. E.MULSUB.M, E.MULSUB.C: 

EnsemblelnplaceReversed(minorsize,rd,rc,rb) 
E.MULSUB.R E.MULSUB,C.F: 

EnsembIelnplaceReversedFIoatingPoint(mlnor,si2e,rd,rc,rb) 
E.SUB.F.N, E.SUB.F.Z, E.SUB.F.F, E.SUB.F.C E.SUB.F, E.SUB.FX- 
EnsembleReversedFioatingPoint(minor.op, majorslze, 
minor.round, rd, rc, rb) 

E.UNARY: 

case unary of 

E.SUM, E.SUMU E.LOG.MOST, E. LOG.MOST.U: 

EnsembleUnary(unary,rd,rc) 
E>\BS.F, EABS.FX E.COPY.F, E.COPT.FX 
E.DEFl>\TE.F, E.DEFLATE.F.N, E.DEFLATE.F.Z, 
E.DEFLME.F.F, E.DEFLATE.F.C E. DEFLATE. FX 
E.FLOAT.F, E.FLOAT.F.N, E.FLOAT.F,Z> 
E.FLOAT.F.F. E.FLOAT.F.C E.FLOAT.FX: 
EJNFLATE.F, E.INFLATE.FX E.NEG.F, E.NEG.FX 
E.RECE$T.F, E.RECEST.FX E.RSQREST.F, E.RSQREST.FX 
E.SQR.F, E.SQR.F.N, E.SQR.F.Z, E.SQR.F.F. E.SQR.F.C E.SQR.FX 
E.SUM.F, E.SUM.F.N, E.SUM.RZ, 
E.SUM.F.F, E.SUM.F.C; E.SUM.FX 

E.SINK.F, E.SINK.F.Z.a E,SINK.F.F.D, E.SINK.F.C.D, E.SINK.FXD, 
E.SINK.F.N, E.SINK.F.Z, E.SINK.F.F, E.SINICF.C E.SINJCFX: 
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EnsembleUnaryFloatingPoint(unary.op, majorsize, 
unary.round, rd, rc) 

others: 

raise Reservedlnstruction 

endcase 
others: 

raise Reservedlnstruction 

endcase 

E.CONXfU E.CONXIB, ECONXIUL E.CONXIUB, 
ECONJCIMU E.CONXIMB, E.CONXICL, E.CONXICB: 
size I I I 03+«n«5..4 

EnsembleConvolveExtractlmmediate(major,inst3„2^*2erd,rc,rb,insti..oJ 
E.MUDC E.EXTRACT, E.SCAL^MDDX: 

EnsembleExtract|major/d,rcrb,ra) 
E.EXTRACri, E.EXTRACTIU E.MULXI, E.MULXIU, E.MULXIM, E.MULXIC: 

size 4- I I I 03+inst5..4 

EnsembleExtractlmmediate(major,inst3..2.size rd,rc,rb,inst I ..o) 
EMULADDXl E.MULj^DDXI.U, E.MULADDXKM, E.MULADDXI.C: 
size ^111 03+«nst5..4 

EnsembleExtractlmmediatelnplace|major jnst3„2*size/d,rc,rb jnst i „o) 
E.MULGAL.8, E.MULGAL.64: 

size 4-1110 3+inst26..24 

EnsembleTernary(major,size.rd,rc,rb,ra) 
EMUL>\DD.FI6, EMULADD,F32. E.MUL>M3D.F64, E.MULADD.FMS 
EMULSUB.fi 6, E.MULSUB.F32, E.MULSUB.F64, E.MULSUB.F 1 28, 
E.SCAL>^D.FI6, E.SCALADD.F32. E.SCALADD.F64: 

EnsembleTemaryFIoatingPoint|majorrd,rc/b,raJ 
W.MINOR.B, W.MINOR.L 

case minor of 

W.TRANSbMEB, W.TRANSLATE. 1 6, W.TRANSlArE.32, W.TRANSIATE.64: 

size 1 II 03-''"^5..4 

WfdeTranslate{major^ize,rd/c,rb) 
W.IVIULMAT.8, W.MULMAT.I6, W.MULMAT32, W.MULMAT.64, 
W.MULMAT.U.8, W.MULMAT.U. 1 6, W.MULMAT.U32, W.MULMAT.U.64, 
W.MULMAt.M.8, W.MULMAT.M. 1 6, W.MULMAT.M.32, W.MULMAT.M.64, 
W.MULMAT.CA W.MULMAT.C 1 6, W.MULMAr.C.32, W.MULMAT.C64, 
W.MULMAT.P.a W.MULMAT.P.I6, W.MULMAT.P.32. W.MULMAT.P.64: 

Size 4-111 0^'''"^5..4 

WideMultiply(major,minor.size,rd,rc,rb) 
W.MULMAT.F16, W.MULMAT.F32, W.MUL.MAT.F64, 
W.MULMAT.C.F16. W.MyLMAT.C.F32, W.MULMAT.C.F64: 

Size 4- I II 03+inst5..4 

WideFloatingPointMultipty(major,minor^ize,rd,rc,rb) 
others: 
endcase 

W.MULMATXB, W.MULMATJC.L: 

WideExtract(major,ra,rb,rc.rd) 
W.MULMATXI.B, W.MULMATXI.U W.MULMATXI.U.B, W.MULMATXI.UX 
W.MULMATXI.M.B. W.MULMATXI.M.U W.MULIV1ATXI.CB. W.MULMATXI.CL- 

size 4- I I I o3+*"^5 .4 

WideExtractlmmediate(major,inst3..2,size ra,rb,rc,inst i ..o) 
W.MUL.MAT.G.B, W.MULIVIM.G.L 

WideMultiplyGalois(major,rd.rc,rb,ra) 

w.swrrcH.B, wswhchl 

WideSwitch(major,rd,rc,rb,ra) 
others: 
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raise Reservedlnstruction 

endcase 
enddef 
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Always Reserved 

This operation generates a reserved instruction exception. 
Operation code 

I ARES [Always reserved 1 

Format 
ARES imm 
ares(imm) 

31 24 23 0 

I A,RES I »mm | 

8 24 

Description 

The reserved instruction exception is raised. Software may depend upon this major 
operation code raising the reserved instruction exception in all implementations. The choice 
of operation code intentionally ensures that a branch to a 2eroed memory area wiU raise an 
exception. 

Definiition 

def AlwaysReserved as 

raise Reservedlnstruction 
enddef 

Exceptions 

Reserved Instruction 
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Address 

These operations perform calculations with two general register values, placing the result in a 
general register. 



Operation codes 



AADD 


Address add 


AADD.O 


Address add signed check overflow 


AADD.U.O 


Address add unsigned check overflow 


AAND 


Address and 


A>\NDN 


Address and not 


ANAND 


Address not and 


ANOR 


Address not or 


AOR 


Address or 


AORN 


Address or not 


AXNOR 


Address exclusive nor 


AXOR 


Address xor 



Redundancies 



AOR rd=rc,rc 


<=> 


ACOPY rd=rc 


AAND rd=rc,rc 


<:> 


ACOPY rd^rc 


ANAND rd=rc,rc 




ANOT rd:^rc 


ANOR rd=rcrc 


<=> 


ANOT rd^rc 


AXNOR rd=rcrc 


<» 


ASET rd 


AXOR rd=rc,rc 


<=> 


AZERO rd 


AADD rd=rc,rc 


<=> 


ASHLI rd=rcj 


AADD.O rd=rc/c 


<=> 


ASHLI.O rd=rcj 


AADD.U.O rd=rc,rc 


O 


ASHLI.U.O rd=:rcj 



Selection 



class 


operation 


check 


arithmetic 


ADD 


NONE O U.O 


bitwise 


OR AND XOR ANDN 
NOR NAND XNOR ORN 
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Format 

op rd=rc/b 

rd=op(rc/b) 

31 24 23 18 17 12 II 65 0 

I A.MINOR I rd I rc I rb I op I 

8 6 6 6 6 

Description 

The contents of registers rc and rb are fetched and the specified operation is performed on 
these operands. The result is placed into register rd. 

Definition 

def A£ldress(op,rd,rc,rb) as 
c RegReadfrc, 64) 
b 4- RegRead(rb, 64) 
case op of 
AADD: 

a ^ c + b 
AADD.O: 

t <- (C63 I I C) + |b63 I I b) 
'f t64 * t63 then 

raise FixedPointArithmetic 

endlf 

a ^ t63,.0 
AADD.UO: 

t 4- (O' I I c) + |0M I b) 
if t64 ^ 0 then 





raise FixedPointArithmetic 


endif 


a 4- 


t63..0 


AAND: 




a ^ 


c and b 


AOR: 




a i- 


c or b 


AXOR: 




a <- 


c xor b: 


AANDN: 




a <- 


c and not b 


ANAND: 




a 


not (c and b) 


ANOR: 




a <- 


not (c or b) 


AXNOR: 




a <- 


not (c xor b) 


AORN: 




a ^ 


c or not b 



endcase 
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RegWrlte(rd, 64, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Address Compare 

These operations perform calculations with two general register values and generate a fixed- 
point arithmetic exception if the condition specified is met. 



Operation codes 



ACOM>\ND.E 


Address compare and equal zero 


ACOMAMD.NE 


Address compare and not equal zero 


ACOM.E 


Address compare equal 


ACOM.GE 


Address compare qreater equal signed 


ACOM.GE.U 


Address compare qreater equal unsigned 


ACOM.L 


Address compare less signed 


ACOM.LU 


Address compare less unsigned 


ACOM.NE 


Address compare not equal 


Equivalencies 


ACOM.E.Z 


Address compare equal zero 


ACOM.G.Z 


Address compare greater zero signed 


ACOM.GEZ 


Address compare qreater equal zero signed 


ACOM.L.Z 


Address compare less zero signed 


ACOM.LE.Z 


Address compare less equal zero signed 


ACOM.NEZ 


Address compare not equal zero 


ACOM.G 


Address compare greater siqned 


ACOM.au 


Address compare greater unsigned 


ACOM.LE 


Address compare less equal signed 


ACOM.LE.U 


Address compare less equal unsigned 


AFIX 


Address fixed point arithmetic exception 


ANOP 


Address no operation 




ACOM.E.Z re 


^ ACOMAND.E rc.rc 


ACOM.G.Z re 


<= ACOM.LU rcrc 


ACOM.GEZ rc 


<= ACOM.GE rcrc 


ACOM.LZ rc 


ACOM.L rcrc 


ACOM.LEZ rc 


<= ACOM.GE.U rcrc 


ACOM.NEZ rc 


4- ACOMAND.NE rcrc 


ACOM.G rcrd 


-> ACOM.L rd,rc 


ACOM.G.U rcrd 


-> ACOM.L.U rd/c 


ACOM.LE rcrd 


^ ACOM.GE rd,rc 


ACOM.LEU rcrd 


-> ACOM.GE.U rd,rc 


AFIX 


^ ACOM.E 0,0 


ANOP 


ACOM.NE 0,0 
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Redundancies 



ACOM.E rd/d 


o AFIX 




ACOM.NE rd,rd 


^ ANOP 




Selection 


class 


operation 


cond 


operand 


boolean 


COMAND COM 


E NE 




arithmetic 


COM 


L GE G Z.E 


noneU 




COM 


L GE G LE E NE 


Z 


Format 








ACOM.op rd.rc 






acomop|rd.rc) 
acomopz(rcd) 

31 


24 23 ~ 18 17 


12 11 6 5 0 


1 A.MINOR 1 rd | 


rc 1 op 1 


ACOM i 


8 


6 


6 6 


6 



Description 

The contents of registers rd and rc are fetched and the specified condition is calculated on 
these operands. If the specified condition is true, a fixed-point arithmetic exception is 
generated. This instruction generates no general register results. 

Definition 

def AddressCompare(op,rd,rc) as 
d ^ RegRead(rd, 128) 
c 4- RegReadfrc, 128) 
case op of 
ACOM.E: 

a d = c 
ACOM.NE: 

a 4- d ^ c 
ACOM^D.E: 

a ^ (d and c) = 0 
ACOMjflJNJD.NE: 

a 4- (d and c) ^ 0 
ACOM.L 

a (rd = rc) 7 (c < 0) : (d < c) 
ACOM.GE: 

a <- (rd = rc) 7 (c > 0) : {d ^ c) 
ACOM.LU: 

a 4- (rd = rc) 7 |c> 0) : ((0 1 1 d) < (0 I I c)) 
ACOM.GE.U: 

a ^ (rd = rc) ? (c ^ 0) : ((0 I I d) > (0 I I c)) 

endcase 
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if a then 

raise FixedPojntArithmetic 

endif 
enddef 

Exceptions 

Fixed-point arithmetic 
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Address Copy immediate 



This operation produces one immediate value, placing the result in a general register. 



Operation codes 


lACOPY.I 


Address copy immediate | 


Equivalencies 


ASET 


Address set 


AZERO 


Address zero 




ASET rd 


<- ACOPY.I rd=-l 


AZERO rd 


ACOPY.I rd=0 


Format 




ACOPY.Ird=imm 




rd=acopyi(imm) 




31 24 23 


18 17 0 


1 A.COPY.I 1 


rd 1 imm | 


8 


6 .18 



Description 

An immediate value is sign-extended from the 18-bit imm field. The result is placed into 
register rd. 

Definition 

def AddressCopylmmediate(op,rdJmm) as 
a <- (imm j)^ I I imm) 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 
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Address Immediate 

These operations perform calculations with one general register value and one immediate 
value, placing the restdt in a general register. 



Operation codes 





Address add immediate 


A>\DD.I.O 


Address add immediate signed chieck overflow 


AADD.I.U.O 


Address add immediate unsigned check overflow 


AAND.I 


Address and immediate 


A.NAND.I 


Address not and immediate 


ANOR.I 


Address not or immediate 


AOR.I 


Address or immediate 


AXOR.I 


Address xor immediate 


Equivalencies 


AANDNJ 


Address and not immediate 


ACOPY 


Address copy 


ANOT 


Address not 


AORN.I 


Address or not immediate 


AXNOR.I 


Address xnor immediate 




AANDNJ rd=rc.imm 


AAND.I rd=rc,-imm 


ACOPY rd=rc 


<_ AOR.I rd=rc,0 


ANOT rd=rc 


ANOR.I rd=rc.O 


AORN.I rd=rc.imm 


AOR.I rd=rc,-imm 


AXNORJ rd=rc.imm 


-> AXOR.I rd=rc,-inrim 


Redundancies 


AADD.I rd=rc.O 


o ACOPY rd=rc 


A>M3D.I.O rd=rc.O 


o ACOPY rd=rc 


AADD.I.U.O rd=rcO 


<z> ACOPY rd=rc 


AAND.I rd=rcO 


o AZERO rd 


AAND.I rd=rc,-l 


o ACOPY rd=rc 


ANAND.I rd=rc,0 


o ASET rd 


ANAND.I rd=rc.-I 


o ANOT rd=rc 


AOR.I rd=rc,-l 


o ASET rd 


ANOR.I rd=rc,-I 


o AZERO rd 


AXOR.I rd=rc,0 


o ACOPY rd=rc 


AXOR.I rd=rc,-I 


<z> ANOT rd^rc 
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Selection 



class 


operation 


check 


arithmetic 


ADD 


NONE O UO 


bitwise 


AND OR NAND NOR 
XOR 





Format 

op rd=rc,imm 
rd=op|rcimm) 

31 24 23 18 17 12 II ^ 

I op I rd I rc | Imm 

8 6 6 12 

Description 

The contents of register rc is fetched, and a 64-bit immediate value is sign-extended from the 
12-bit imm field. The specified operation is performed on these operands. The result is 
placed into register rd. 

Definition 

def Addresslmmediate{op,rd,rcJmm) as 
i ^ imm^^ 1 1 imm 

c <- RegRead(rc, 64) 
case op of 
AANDJ: 

a c and i 
AORJ: 

a 4- c or 1 
ANAND.I: 

a c nand I 
ANOR.I: 

a c nor i 
AXOR.I: 

a 4- c xor t: 
AADDJ; 

a c + i 
AADD.I.O; 

t <- (C63 I 1 C) + (l63 Hi) 

if t64 ^ U>3 then 

raise FixedPointArlthmetic 

endif 

a ^ t63..0 
AADD.I.U.O: 

t<- (C63 M c) + {163 M ») 
if t64 ^ 0 then 

raise FixedPointArlthmetic 

endif 

a t63..0 
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endcase 

RegWrite{rd, 64, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Instruction Set 
Address Immediate Reversed 



These operations perform calculations with one general register value and one immediate 
value, placing the result in a general register. 



Operation codes 



ASET>\ND£.I 


Address set and equal immediate 


ASETj^ND.NE.1 


Address set and not equal immediate 


ASET.E.I 


Address set equal immediate 


ASET.GE.I 


Address set greater equal immediate signed 


ASET.LI 


Address set less immediate sighed 


ASET.NE.I 


Address set not equal immediate 


ASET.GE.I.U 


Address set greater equal immediate unsigned 


ASET.LI.U 


Address set less immediate unsigned 


ASUBJ 


Address subtract immediate 


ASUB.I.O 


Address subtract immediate signed check overflow 


ASUB.I.U.O 


Address subtract immediate unsigned check overflow 


Equivalencies 


ANEG 


Address negate 


ANEG.O 


Address negate signed check overflow 


ASET.G.LU 


Address set greater immediate unsigned 


ASETIEJ 


Address set less equal immediate signed 


ASETIEJ.U 


Address set less equal immediate unsigned 




ANEG rd=rc 


-> ASUB.I rd=0,rc 


ANEG.O rd=rc 


-> ASUB.I.O rd=0,rc 


ASET.GJ rd=imm,rc 


ASET.GE.I rd=imm+Krc 


ASET.G.LU rd=imm,rc 


-> ASET.GE.I.U rd=imm+l/c 


ASET.LEJ rd=imm,rc 


ASET.LI rd=imm-l,rc 


ASET.LELU rd=imm,rc 


ASET.LI.U rd=lmm-Ijc 
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Redundancies 





<=> 




A.bt j-ANU.fsitJ ra=rc,u 


<=> 


A.ZcKO ra 


/vbc 1 ✓MMU.t.i ra=rc-i 


<=> 


A,5cT.c.z ro^rc 


A.btJy\NU.Nt.\ rci=rc,-] 




A.ScT.Nc.Z ru=rc 


/A.^CJ.Ci 1 vl— 1 


<=> 




ASET.GE.I rd=rcO 


<=> 


ASET.GE.Z rd=rc 


ASET.LI rd=rcO 


<=> 


ASET.LZ rd=rc 


ASET.NE.I rd=rcO 


<=> 


A5ET.NEZ rd=rc 


ASET.GEI.U rd=rcO 


o 


ASET.GEUZ rd=rc 


ASET.LI.U rd=rc,0 


o 


ASET.LU.Z rd=rc 



Selection 



class 


operation 


cond 


form 


type 


check 


arithmetic 


SUB 




1 






NONE U 


O 


boolean 


SET>\ND SET 


E NE 


1 






SET 


L GE G LE 


1 


NONE U 





Format 

op rd=imm,rc 
rd=op|lmm,rc) 

31 24 23 18 17 12 1 1 0 

I op I rd I rc I Imm | 

8 6 6 12 . 

Description 

The contents of register rc is fetched, and a 64-bit immediate value is sign-extended from the 
12- bit imm field. The specified operation is performed on these operands. The result is 
placed into register rd. 

Definition 

def Addresslmmediate(op,rd,rcJmm) as 
i <- immf ^ I I imm 

c RegRead(rc, 64) 
case op of 

ASUBJ: 

a ^ i - c 

ASUB.I.O: 

t <- |J63 I M) - |C63 lie) 
if t^4 ^ t63 then 

raise FixedPointArlthmetic 

endif 
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a t63..0 
ASUB.I.U.O: 

t 4- (l63 *M i) - (C63 II c) 
If t64 5t 0 then 

raise FixedPointArithmetic 

endif 

a ^ t63..0 
ASETAND£A: 

a ^ III and c) = 0)^^ 
ASET>\ND.NE.I: 

a <- ((i and c) ^ O)^^ 
ASET.E.I: 

a ^ (i = c)64 
ASET.NE.I: 

a ^ (i 9t cl^"* 
ASET.LI: 

a <- (i < c)6^ 
ASET.GE.I: 

a <- (i ^ c)^^ 
ASET.LI.U: 

a ^ ((0 I I jj < (0 1 1 c))6* 
ASET.GE.I.U: 

a ((0 I M) ^ (0 1 1 c))6^ 

endcase 

RegWrite(rd, 64, a) 
enddef 

Exceptions 

Fixed-point aridimedc 
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Address Reversed 

These operations perform calculations with two general register values, placing the result in a 
general register. 



Operation codes 



ASET>\ND.E 


Address set and equal zero 


ASET>MNJD.NE 


Address set and not equal zero 


ASET.E 


Address set equal 


ASET.GE 


Address set greater equal signed 


ASET.GE.U 


Address set greater equal unsigned 


ASET.L 


Address set less signed 


ASET.LU 


Address set less unsigned 


ASET.NE 


Address set not equal 


ASUB 


Address subtract 


ASUB.O 


Address subtract signed check overflow 


ASUB.U.O 


Address subtract unsigned check overflow 


Equivalencies 


ASET.EZ 


Address set equal zero 


ASET.aZ 


Address set greater zero signed 


ASET.GE.Z 


Address set greater equal zero signed 


ASET.LZ 


Address set less zero signed 


ASET.LE.Z 


Address set less equal zero signed 


ASET.NE.Z 


Address set not equal zero 


ASET.G 


Address set greater signed 


ASET.G.U 


Address set greater unsigned 


ASET.LE 


Address set less equal signed 


ASET.LEU 


Address set less equal unsigned 




ASET.E.Z rd=rc 


ASETAND.E rd=rcrc 


ASET.aZ rd=rc 


ASET.L.U rd=rc.rc 


ASET.GEZ rd=rc 


c= ASET.GE rd=rc,rc 


ASET.LZ rd=rc 


c= ASET.L rd=rc,rc 


ASET.LE.Z rd=rc 


<= ASET.GE.U rd=rc/c 


ASET.NE.Z rd=rc 


^ ASETAND.NE rd=rc,rc 


ASET.G rd=rb.rc 


ASET.L rd=rcrb 


ASET.G.U rd=rb,rc 


ASET.LU rd=rc,rb 


ASET.LE rd=rb,rc 


ASET.GE rd=rc,rb 


ASET.LEU rd=rb,rc 


-> ASET.GE.U rd=rc,rb 
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Redundancies 



ASET.E rd 


=rc,rc 


<=> ASET rd 




ASET.NE rd=rcrc 


« AZERO rd 




Selection 


class 


operation 


cond 


operand 


check 


aritlimetic 


SUB 














noneU 


O 


boolean 


SETAND SET 


E NE 








SET 


L GE G LE 


noneU 






SET 


L GE G LE E NE 


Z 




Format 










op rd=rb,rc 








rd=op(rbjc) 
rd=opz|rcb) 








31 


24 23 


18 17 12 


11 6 5 


0 


1 A.MINOR 1 


rd 1 rc 


1 '*> 1 


op 1 




8 


6 6 


6 


6 



rc rb 4- rcb 
Description 

The contents of registers rc and rb are fetched and the specified operation is performed on 
these operands. The result is placed into register rd. 

Definition 

def AddressReversed(op,rd,rc,rb) as 
c <- RegRead{rc 128) 
b <r- RegReadfrb, 128) 
case op of 
ASET.E: 

a ^ (b = c)64 
ASET.NE: 

a^f- (b ^ cj^"* 
ASET>\ND.E: 

a ((b and c) = 0)^^ 
ASET-AND.NE: 

a ((b and c) 0)64 
ASET.L: 

a <r- ({rc = rb) ? |b < 0) : |b < c))^^ 
ASET.GE: 

a <- ({rc = rb) ? (b 0) : (b ^ c))^^ 
ASET.LU: 
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a ^ ((rc = rb) 7 |b > 0) : ((0 I I b) < (0 I I c))^ 
ASET.GE.U: 

a <- ((rc = rb) 7 (b ^ 0) : |(0 1 1 b) ^ (0 1 1 c))< 
ASUB: 

a ^ b - c 
ASUB.O: 

t 4- |b63 Mb). (C63 I I C) 

«f t64 5^ t63 then 

raise FixedPointArithmetic 

endif 
a ^ t63..0 
ASUB.U.O: 

t (0^ I I b) - (O' I I c) 
If t64 ^ 0 then 

raise FixedPointArithmetic 

endif 

a <- t63..o 

endcase 

RegWrite(rd. 64, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Address Shift Left fmmediate Add 

These operations perform calculations with two general register values, placing the result in a 
general register. 

Operation codes 

|ASHLI>VDD I Address shift left immediate add [ 



Format 

ASHLIADD rd=rcrbj 
rc=op(ra,rbJ) 

31 24 23 18 17 12 11 6 5 21 0 



1 A.MINOR 1 


rd 


rc 


rb 


ASHLJ^O 
O 


sh 


8 


6 


6 


6 


6 


2 



assert l^i^4 
sh <- i-l 

Description 

The contents of register rb are shifted left by the immediate amount and added to the 
contents of register rc. The result is placed into register rd. 

Definition 

def AddressShiftLeftlmmedlateAdd(sh,rd,rcrb) as 

c <- RegReadfrc 64) 

b 4- RegReadfrb, 64) 

a ^ c + (b62.sh.O I I 0»+5h, 

RegWrite(ra 64, a) 
enddef 

Exceptions 

none 
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Address Shift Left Immediate Subtract 

These operations perform caioiiations with two general register values, placing the result in a 
general register. 

Operation codes 



IASHLI.SUB [Address shift left immediate subtract 



Format 

ASHLI.SUB rd=rb,Uc 
rd=op{rb,i/c) 

3T 24 23 18 17 1211 6 5 21 0 

I A-MINOR I rd I rc I rb 1^^"'- sh | 



assert I<i<4 

Sh 4r- i-l 

Description 

The contents of register rc is subtracted from the contents of register rb shifted left by the 
immediate amount. The result is placed into register rd. 

Definition 

def AddressShiftLeftlmmediateSubtract|op,rcJ/c.rb) as 

c <- RegRead(rc 128) 

b <- RegRead(rb, 128) 

a ^ {b62-sh..O M 0'*5h, . c 

RegWrite(rd, 64, a) 
enddef 

Exceptions 

none 
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Address Shift Immediate 

These operations perform calculations with one general register value and one immediate 
value, placing the result in a general register. 



Operation codes 



ASHLI 


Address shift left immediate 


ASHLI.O 


Address shift left immediate signed checl( overflow 


ASHLI.U.O 


Address shift left immediate unsigned check overflow 


ASHR.I 


Address signed shift right immediate 


ASHR.I.U 


Address shift right immediate unsigned 


Redundancies 


ASHLI rd=rc,I 


o AADD rd=rc,rc 


ASHLI.O rd=rc,l 


o AADD.O rd=rc,rc 


ASHLI.U.O rd=rc.l 


^ AADD.U.O rd=rc,rc 


ASHLI rd=rc,0 


o ACOPYrd=rc 


ASHLI.O rd=rc,0 


o ACOFY rd=rc 


ASHLI.U.O rd=rc,0 


o ACOPY rd=rc 


ASHR.I rd=rcO 


o ACOPY rd=rc 


ASHR.I.U rd=rc,0 


o ACOPY rd=rc 



Selection 



class 


operation 


form 


operand 


Check 


shift 


SHL 


1 












noneU 


O 




SHR 


1 


noneU 





Format 

op rd=rc,simm 
rd=op(rc,simm) 

31 24 23 18 17 12 11 65 0 

I A.MINOR I rd I rc I simm | op | 

8 6 6 6 6 

Description 

The contents of register rc is fetched, and a 6-bit immediate value is taken from the 6-bit 
simm field. The specified operation is performed on these operands. The result is placed into 
register rd. 
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Definition 

def AddressShiftlmmediate(op,rd,rc,simm) as 
c <- RegRead(rc 64) 
case op of 
ASHLI: 

a ^ C63.sjmm..O I I 0«mm 
ASHLI.O: 

if C63.,63.simm ^ cg^"^' then 
raise FixedPointArithmetic 

endif 

a C63.simm..O » i O^imm 
ASHLI.U.O: 

if C63..64-simm ^ 0 then 

raise FixedPointArithmetlc 

endif 

a ^ C63.simm.O I > O^*'""^ 
ASHR.I: 

a ^ agy'" I I C63.^imm 
ASHR.I.U: 

a ^ O^f^"' I I C63.jimm 

endcase 

RegWnte(rd, 64, a) 
enddef 

Exceptions 

Fixed-point arithmedc 
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Address Ternary 

These operations perform calculations with three general register values, placing the result in 
a fourth general register. 

Operation codes 

lAMUX [Address multiplex | 



Format 

op ra=rd/c,rb 
ra=amux|rd,rc,rb) 

31 24 23 18 17 12 II 65 0 

I op I rd I rc I rb I ra I 

8 6 6 6 6 

Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Definition 

def AddressTernary(op,rd,rc,rb,ra) as 
d ir- RegReadfrd, 64) 
c 4- RegRead(rc 64) 
b RegRead(rb, 64) 
endcase 
case op of 
AMUX: 

a <- (c and d) or (b and not d) 

endcase 

RegWritefra, 64, a) 
enddef 

Exceptions 

none 
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Branch 

This operation branches to a location specified by a register. 
Operation codes 



I B I Branch 



Format 
B rd 

31 24 23 18 17 12 11 65 0 

I B.MINOR I rd I 0 I 0 I B | 



Description 

Execution branches to the address specified by the contents of register rd. 

Access disallowed exception occurs if the contents of register rd is not aligned on a quadlet 
boundary. 

Definition 

def Branch|rd,rc,rb) as 

if (re ^ 0) or |rb ^ 0) then 
raise Reservedlnstruction 

endif 

d 4- RegReadfrd, 64) 
if (d|..o) 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

ProgramCounter ^ <^63J2 ^ > 
raise TakenBranch 
enddef 

Exceptions 

Resented Instruction 

Access disallowed by virtual address 
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Branch Back 

This operation branches to a location specified by the previous contents of register 0, 
reduces the current privilege level, loads a value from memory, and restores register 0 to the 
value saved on a previous exception. 

Operation codes 



I B.BACK I Branch back 

Format 



B.BACK 



bbackO 

31 24 23 18 17 12 11 65 0 

I B.MINOR I 0 I 0 1 0 I B.BACK | 
8 6 6 6 6 

Description 

Processor context, including program counter and privilege level is restored from register 0, 
where it was saved at the last exception. Exception state, if set, is cleared, re-enabling normal 
exception handling. The contents of register 0 saved at the last exception is restored from 
memory. The privilege level is only lowered, so that this instruction need not be privileged. 

If the previous exception was an AccessDetail exception, Continuation State set at 
the time of the exception affects the operation of the next instruction after this 
Branch Back, causing the previous AccessDetail exception to be inhibited. If 
software is performing this instruction to abort a sequence ending in an AccessDetail 
exception, it should abort by branching to an instruction that is not affected by 
Continuation State. 

Definition 

def BranchBack|rd,rc,rb) as . 
c <- RegRead{rc 128) 
If (rd ^ 0) or(rc ^ 0) or (rb ^ 0) then 
raise Reserved/nstruction 

a <~ LoadMemory{ExceptionBa$e,ExceptionBasefThread*I28,128,L) 
if PrivilegeLevel > ci..o t'^en 
PrivilegeLevel <- C|..o 

endif 

ProgramCounter <- C63..2 I I 0^ 

ExceptionState 0 
RegWrite{rd,12aa) 
raise TakenBranchContinue 
enddef 
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Exceptions 

Reserved Instruction 
Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by ^obal TB 
Local TB miss 
Global TB miss 
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Branch Barrier 

This operation stops the current thread until all pending stores are completed, then branches 
to a location specified by a register. 

Operation codes 

I B.BARRIER | Branch barrier | 



Format 



B.BARRIER rd 
bbarrier(rd) 

31 24 23 18 17 12 11 65 0 

i B.MINOR I rd I 0 I 0 | B.BARRIER 

8 6 6 6 6 



Description 

The instruction fetch unit is directed to cease execution until all pending stores are 
completed. Following the barrier, any previously pre-fetched instructions are discarded and 
execution branches to the address specified by the contents of register rd. 

Access disallowed exception occurs if the contents of register rd is not aligned on a quadlet 
boundary. 

Self-modifying, dynamically-generated, or loaded code may require use of this instruction 
between storing the code into memory and executing the code. 

Definition 

def BranchBarrler(rd,rc,rb) as 
if (rc 5ft 0) or (rb * 0) then 
raise Reservedlnstruction 

endif 

d <- RegReadfrd, 64) 
>f (cli..o) ^ 0 then 

raise AccessDisallowedByVirtuaiAddress 

endif 

ProgramCounter <- d63..2 I ' 0^ 
FetchBarrierO 
raise TakenBranch 
enddef 

Exceptions 

Reserved Instruction 
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Branch Conditional 

These operations compare two operands, and depending on the result of that comparison, 
conditionally branches to a nearby code location. 



Operation codes 



BAND.E 


Branch and equal zero 


ByMSID.NE 


Branch and not equal zero 


B.E 


Branch equal 


B.GE 


Branch qreater equal siqned 


B.L 


Branch signed less 


B.NE 


Branch not equal 


B.GE.U 


Branch greater equal unsigned 


B.LU 


Branch less unsigned 


Equivalencies 


B.EZ 


Branch equal zero 




Branch greater zero signed 


B.GE.27 


Branch greater equal zero signed 


B±Z^ 


Branch less zero signed 


B,LE.r 


Branch less equal zero signed 


B.NEZ 


Branch not equal zero 


B±E 


Branch less equal signed 


B.G 


Branch greater signed 


B.LEU 


Branch less equal unsigned 


B.au 


Branch greater unsigned 


B.NOP 


Branch no operation 



^B.G.Z is encoded as B.L.U with bodi instruction fields rd and rc equal. 
^B.GE.Z is enccxied as B.GE with both instruction fields rd and rc equal. 
^B.L.Z is encoded as B.L with both instruction fields rd and rc equal. 
% XE.Z is encoded as B.GE.U with both instruction fields rd and rc equal. 
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B.E.Z retarget 






B-AND.E rcrctarget 




B.G.Z retarget 




<= 


B.LU rc/ctarget 




B.GE,Z retarget 




<= 


B.GE rc/ctarget 




B.LZ retarget 




<= 


B.L rc/ctarget 




B.LE.Z retarget 




<= 


B.GE.U rcrctarget 




B.NE,Z retarget 




4- 


BAND.NE rcrc.target 




B.LE rerd,target 






B.GE rd,rc,target 




B.G rerd,target 




-> 


Bl rd/ctarget 




BIEU rerUtarget 




B.GE.U rd/c,target 




B.G.U rerd,target 




-> 


B.LU rdjctarget 




B.NOP 




<- 


B.NE rO/0,$ 




Redundancies 


B.E rcjctarget 




o 


B.I target 




B.NE rcjctarget 




<=> 


B.NOP 




Selection 


class 


op 


compare 


type 


arithmetic 




L GE G LE 


noneU 


v$. zero 




L GE G LE E 
NE 


Z 


bitwise 


none 


AND 


E NE 





Format 

op rd/ctarget 

if (op(rd,rc)) goto target 

31 24 23 18 17 12 11 0 

I op I 7d I rc I offset \ 



Description 

The contents of registers rd and rc are compared, as specified by the op field. If the result of 
the comparison is true, execution branches to the address specified by the offset field. 
Otherwise, execution continues at the next sequential instruction. 

Definition 

def BranchConditionally(op,rd,rc,off5et) as 
d 4r- RegRead(rd, 128) 
c ir- RegRead(rc, 128) 
case op of 
B.E: 
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a d = c 

B.NE: 

a <- 6 ^ c 
BAND.E: 

a ^ (d and c) = 0 
BAND.NE: 

a ^ (d and c) ^ 0 

B.L: 

a ^ (rd = rc) 7 (c < 0): (d < c) 

B.GE: 

a <- (rd = rc) ? (c > 0): (d > c) 
B,LU: 

a ^ (rd = rc) ? (c > 0): ((0 I I d) < (0 I I c)) 
B.GEU: 

a <- (rd = rc) 7 (c ^ 0): ((0 I I d) > (0 I I c)j 

endcase 
if a then 

ProgramCounter <- ProgramCounter + (offset^^ ' ' ^^^et 1 1 0^) 
raise TakenBranch 

endif 
enddef 

Exceptions 

none 
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Branch Conditional Floating-Point 

These operations compare two floating-point operands, and depending on the result of that 
comparison, conditionally branches to a nearby code location. 



Operation codes 



B.E.F.I6 


Branch equal floating-point half 


B.E.F.32 


Branch equal floating-point single 


B.E.F.64 


Branch equal floating-point double 


B.E.F.128 


Branch equal floating-point quad 


B.GE.F.16 


Branch greater equal floating-point half 


B.GE.F.32 


Branch greater equal floating-point single 


B.GE.F.64 


Branch greater equal floating-point double 


B.GE.F.I28 


Branch greater equal floating-point quad 


B.LF.I6 


Branch less floating-point half 


B.LF.32 


Branch less floating-point single 


B.LF.64 


Branch less floating-point double 


B.LF.I28 


Branch less floating-point quad 


B.LG.F.I6 


Branch less greater floating-point half 


B,LG.F32 


Branch less greater floating-point single 


B.LG.F.64 


Branch less greater floating-point double 


B.LG.F.128 


Branch less greater floating-point quad 


Eauivalencies 


B1E.FJ6 


Branch less equal floating-point half 


B,LEE32 


Branch less equal floating-point single 


B,LEE64 


Branch less equal floating-point double 


B.LEEI28 


Branch less equal floating-point quad 


B.aE16 


Branch greater floating-point half 


B.aE32 


Branch greater floating-point single 


B.G.F.64 


Branch greater floating-point double 


B.G.E 128 


Branch greater floating-point quad 



B.LEF.size rcjd^target 




-> B.GE.F.size rd,rc,target 




B.G.F.size rcjd,target 




B.L.F.size rd/ctarget 




Selection 


number format 


type 


compare 


size 


floating-point 


F 


E LG L GE G LE 


16 32 64 
128 
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Format 

op rdjctarget 

if (op(rd,rc)) goto target 

31 24 23 18 17 12 11 0 

I op I rd I rc i offset | 

8 6 6 12 

Description 

The contents of registers rc and rd are compared, as specified by the op field. If the result of 
the comparison is true, execution branches to the address specified by the offset field. 
Otherwise, execution continues at the next sequential instruction. 

Definition 

def BranchConditional(FloatingPointop,rd,rc,offset) as 
case op of 

B.E.F.16, B.LG.F,16, B.LF.16, B.GE.F.I6: 

size 16 
B.EF.32, B.LG.F.32, B.LF.32, B.GE.F.32: 

size <~ 32 
B.E.F.64, B.LG.F.64, B.LF.64, B.GE.F.64: 
Size <- 64 

B.EF. 128, B.LG.F.12a B.LF.l2a B.GE.F.128: 
size ^128 

endcase 

d <- F(si2e,RegRead{rd, 128)) 
c F(size,RegRead|rc 128)) 
V fcomfd, c) 
case op of 

BEFI6, BEF32, BEF64, BEFI28: 

a ^ (V = E) 
BLGFI6, BLGF32, BLGF64. BLGF128: 

a <- (V = q or (V = G) 
BLFI6, BLF32, BLF64, BLFI28: 

a ^ {V = L) 
BGEFI6, BGEF32, BGEF64, BGEF128: 
a ^ (V = G) or (V = E) 

endcase 
if a then 

ProgramCounter <- ProgramCounter + (offset^ 9 ' ' offset I I 0^) 
raise TakenBranch 

endif 
enddef 

Exceptions 

none 
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Branch Conditional Visibility Floating-Point 

These operations compare two group-floating-point operands, and depending on the result 
of that comparison, conditionaUy branches to a nearby code location. 



Operation codes 



B.I.F.32 


Branch invisible floating-point single 


B.NI.F.32 


Branch not invisible floating-point single 


B.NV.F.32 


Branch not visible floating-point single 


B.V.F.32 


Branch visible floating-point single 


Selection 


number format 


type compare size 


floatinq-point 


IF 1 Nl NV V 1 32 



Format 

op rcrd,target 

if |op(rc,rd)) goto target 

31 24 23 18 17 12 1 1 0 

I op I rd I rc I offset | 

8 6 6 12 

Description 

The contents of registers rc and rd are compared, as specifled by the op field. If the result of 
the comparison is true, execution branches to the address specified by the offset field. 
Otherwise, execution continues at the next sequential instruction. 

Each operand is assumed to represent a vertex of the form: [w z y x] packed into a single 
register. The comparisons check for visibility of a line connecting the vertices against a 
standard viewing volume, defined by the planes: x=wpc=-w,y=w,y=:-w,2=0,2=l. A line is 
visible (V) if the vertices are both within the volume. A line is not visible (NV) is either 
vertex is outside the volume - in such a case, the line may be partially visible. A line is 
invisible (I) if the vertices are both outside any face of the volume. A line is not invisible 
(NI) if the vertices are not both outside any face of die volume. 

Definition 

def n(a) as (a.t=QNANJ or (a.t=SNAN) enddef 
def less(a,b) as fcom(a,b)=L enddef 

def trxya,b,c,d) as (fcom(fabs(a),b)=:G) and (fcom|fab$(c),dJ=G) and {a.s=cs) enddef 
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def BranchConditlonalVisibilityFloatingPolnt(op,rd,rc,offset) as 
d RegReadjrd, 128) 
c ^ RegRead(rc, 128) 
dx <- F(32,d3i„o) 
cx ^ F(32,C3r.o) 
dy <r- F(32,d63..32) 
cy F(32,C63.32) 
dz ^ F(32,d95..64) 
C2 <- F(32,C95..64) 
dw ^ F(32,dj27..96) 
CW F(32,C127..96) 

fl <r- F(32,0x7f000000) // floating-point 1,0 

if (n(dx) or n(dy) or n(dz) or n(dw) or n(cx) or n(cy) or n|cz) or n(cw)) then 
a 4- false 

else 

dv Iess|fabs(dx),d2) and Iess{fabs|dy),d2) and less(dz,fl) and (d2.s=0) 
cv <- less(fabs|cx),cz) and less(fabs(cy),cz) and less(cz,fl) and |cz.s=sO) 
trz ir- (lesslfKdz) and less(fl,cz)) or ((dz.s=l and cz.s=l)) 
tr ^ trxy(dx,dz,cx,cz) or trxy(dy,dz,cyxz) or trz 
case op of 
B.I.F.32: 

a tr 
B.NI.F.32: 

a 4- not tr 
B,IW.F.32: 

a <- not (dv and cv) 
B.V.F.32: 

a <- dv and cv 

endcase 

endif 
if a then 

ProgramCounter ProgramCounter + (offset^^ ' ' offset I I 0^) 
raise TakenBranch 

endif 
enddef 

Exceptions 

none 
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Branch Down 

This operation branches to a location specified by a register, reducing the current privilege 
level. 

Operation codes 

I B.DOWN I Branch down | 



Format 

B.DOWN rd 
bdown(rd) 

31 24 23 18 17 12 II 65 0 

I B.MINOR I rd I 0 I 0 I B.DOWN | 

8 6 6 6 6 

Description 

Execution branches to the address specified by the contents of register rd. The current 
privilege level is reduced to the level specified by the low order two bits of the contents of 
register rd. 

Definition 

def BranchDown(rd,rc,rb) as 
if (rc ^ 0) or |rb 0) then 
raise Reservedlnstruction 

endif 

d <- RegReadfrd, 64) 

if PrIvilegeLevel > d| .o then 

PrivilegeLevel <- di..o 

endif 

ProgramCounter <- ds3„2 > I 0^ 
raise TakenBranch 
enddef 

Exceptions 

Resenred Instruction 
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Branch Gateway 

This operation provides a secure means to call a procedure, including those at a higher 
privilege level. 

Operation codes 

I B.GATE I Branch gateway | 



Equivalencies 

I B.GATE ^ B.GATE 0 



Format 
B.GATE rb 



bgate(rb) 

31 24 23 18 17 12 11 6 5 0 

I B.MINOR I 0 I I I rb I B.GATE | 
8 6 6 6 6 

Description 

The contents of register rb is a branch address in the high-order 62 bits and a new privilege 
level in the low-order 2 bits. A branch and link occurs to the branch address, and the 
privilege level is raised to the new privilege level. The high-order 62 bits of the successor to 
the current program counter is catenated with the 2-bit current execution privilege and 
placed in register 0. 

If the new privilege level is greater than the current privilege level, an ocdet of memory data 

is fetched from the address specified by register 1, using the litde-endian byte order and a 
gateway access type. A GatewayDisallowed exception occurs if the original contents of 
register 0 do not equal the memory data. 

If the new privilege level is the same as the current privilege level, no checking of register 1 
is performed. 

An AccessDisallowed exception occurs if the new privilege level is greater than the privilege 
level required to write the memory data, or if die old privilege level is lower tiian the 
privilege required to access the memory data as a gateway, or if the access is not aligned on 
an 8-byte boundary. 

A Reservedlnstruction exception occurs if the rc field is not one or the rd field is not zero. 

In the example below, a gateway from level 0 to level 2 is illustrated. The gateway pointer, 
located by the contents of register rc (1), is fetched from memory and compared against the 
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contents of register rb (0). The instruction may only complete if these values are equal. 
Concurrently, the contents of register rb (0) is placed in the program counter and privilege 
level, and the address of the next sequential address and privilege level is placed into register 
rd (0). Code at the target of the gateway locates the data pointer at an offset from the 
gateway pointer (register 1), and fetches it into register 1, making a data region available. A 
stack pointer may be saved and fetched using the data region, another region located from 
the data region, or a data region located as an offset from the original gateway pointer. 



^H^^^^^^^^^^^H r3 w3 x2 g3 
















I' (hn 














J r2 w2 x3 gO / 





rZ w2 x3 g3 




Branch gateway 



For additional information on the branch-gateway instruction, see the System and 
Privileged Library Calls section on page 44, 

This instruction gives the target procedure the assurances that register 0 contains a 
valid return address and privilege level, that register 1 points to the gateway location, 
and that the gateway location is ocdet aligned. Register 1 can then be used to 
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securely reach values in memory. If no sharing of literal pools is desired, register 1 
may be used as a literal pool pointer direcdy. If sharing of literal pools is desired, 
register 1 may be used with an appropriate offset to load a new literal pool pointer; 
for example, with a one cache line offset from the register 1. Note that because the 
virtual memory system operates with cache line granularity, that several gateway 
locations must be created together. 

Software must ensure that an attempt to use any ocdet within the region designated 
by virtual memory as gateway either fimcdons properly or causes a legitimate 
exception. For example, if the adjacent ocdets contain pointers to literal pool 
locations, so/iware should ensure that these literal pools are not exetxttable, or that 
by virtue of being aligned addresses, cannot raise the execution privilege level If 
register 1 is used direcdy as a literal pool location, software must ensure that the 
literal pool locations that are accessible as a gateway do not lead to a security 
violation. 

Register 0 contains a valid return address and privilege level, the value is suitable for 
use direcdy in the Branch-down (B.DOWN) instmction to return to the gateway 
callee. 

Definition 

def BranchGateway(rd,rc,rb) as 
c <- RegReadfrc, 64) 
b <- RegRead(rb, 64) 
if |rd ^ 0) or (rc ^ 1) then 
raise Reservedlnstruction 

endif 

if C2..0 * 0 then 

raise >\ccessDisalIowedByVirtualAddress 

endif 

d ir- ProgramCounter63,.2+l I I PrivilegeLevel 
if PrivilegeLevel < b|..o then 

m <- LoadMemoryG(c,c,64,L) 
if b 7t m then 

raise GatewayDisallowed 

endif 

PrivilegeLevel <- bi..o 

endif 

ProgramCounter 4- b63..2 I I 0^ 
RegWritefrd, 64, d) 
raise TakenBranch 
enddef 

Exceptions 

Reserved Instruction 

Gateway disallowed 

Access disallowed by virtual address 

Access disallowed by tag 

Access disallowed by global TB 

Access disallowed by local TB 

Access detail required by tag 
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Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Branch Halt 

This operation stops the current thread until an exception occurs. 
Operation codes 



IB.HALT 



Branch halt 



Format 

B.HALT 

bhaltO 
31 

I B,MINOR 



24 23 



18 17 

zn 



12 11 

□I 



65 0 

I b.haltH 



Description 

This instruction directs the instruction fetch unit to cease execution until an exception 
occurs. 

Definition 

def BranchHalt(rd,rc,rb) as 

if (rd ^ 0) or (rc ^ 0) or (rb ^ 0) then 
raise Reservedinstruction 

endif 

FetchHalt{) 
enddef 

Exceptions 

Reserved Instnicdon 
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Branch Hint 

This operation indicates a future branch location specified by a register. 
Operation codes 



B.HINT 



Branch Hint 



Format 

B.HINT badd,countrd 
bhint(badd,count,rd) 

31 24 23 18 17 12 11 65 0 

I B.MINOR I rd j count | simm \ B.HINT | 

8 6 6 6 6 



simm <- badd-pc-4 
Description 

This instruction directs the instruction fetch unit of the processor that a branch is likely to 
occur count times at sinun instructions following the current successor instruction to the 
address specified by the contents of register rd. 

After branching count times, the instruction fetch unit should presume that the branch at 
simm instructions following the current successor instruction is not likely to occur. If count 
is zero, this hint directs the instruction fetch unit that the branch is likely to occur more than 
63 times. 



Access disallowed exception occurs if the contents of register rd is not aligned on a quadlet 
boundary. 

Definition 

def BranchHint|rdxountsimm) as 
d RegReadfrd, 64) 
if (<^l..o) 5* 0 then 

raise >\cces5DisallowedByVirtualAddress 

endif 

FetchHi'nt(ProgramCounter +4 + (0 II simm I I O^), d63„2 1 I 0^, count) 
enddef 

Exceptions 

Access disallowed by virtual address 
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Branch Hint Immediate 

This operation indicates a future branch location specified as an offset from the program 
counter. 

Operation codes 

1 B,HINfT.I I Branch Hint Immediate | 



Format 

B.HINT.I badd,counttarget 
bhinti(badd,count,target) 

31 24 23 18 17 12IJ 0 

I B.HINTJ I simm | count | offset | 

8 6 6 12 

simm <- badd-pc-4 
Description 

This instruction directs the instruction fetch unit of the processor that a branch is likely to 
occur count times at simm instructions following the current successor instruction to the 
address specified by the ofTset field. 

After branching count times, the instruction fetch vmit should presume that the branch at 
simm instructions following the current successor instruction is not likely to occur. If count 
is zero, this hint directs the instruction fetch unit that the branch is likely to occur more than 
63 times. 



Definition 

def BranchHintlmmediate(5lmm,countoffset) as 

BranchHint(ProgramCounter + 4 + (0 I i simm I I 0^), count 
ProgramCounter + (offsetff I I offset 1 1 O^)) 

enddef 
Exceptions 

none 
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This operation branches to a location that is specified as an offset from the program 
counter. 



Operation codes 



Branch immediate 



Redundancies 



I B.I target' 



<:» B E rc,rc,target 



Format 
B.I target 
bi(target) 

31 



B.I 



8 



24 23 



offset 



24 



Description 

Execution branches to the address specified by the offset field. 
Definition 

def Branchlmmedlate|offiset) as 

ProgramCounter <- ProgramCounter + (offset^! I I offset I I O^) 

raise TakenBranch 
enddef 

Exceptions 



none 



-113- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Branch Immediate Link 



Branch Immediate Link 



This operation branches to a location that is specified as an offset from the program 
counter, saving the value of the program counter into register 0. 



Operation codes 



B.LINK.I 



Branch immediate link 



Format 



B.LINK.I target 



blinkiftarget) 



31 24 23 



0 



i B.LINKJ I 



offset 



8 



Description 

The address of the instruction following this one is placed into register 0. Execution 
branches to the address specified by the offset field. 

Definition 

def BranchlmmediateLlnk(offcet) as 

RegWrite(0, 64, ProgramCounter + 4) 

ProgramCounter <- ProgramCounter + (offset|| 1 1 offset I I 0^) 
raise TakenBranch 
enddef 

Exceptions 

none 
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Branch Link 




This operation branches to 
counter into a register. 


a location specified by a register, saving the value of the program 


Ooeration codes 




1 B.LINK 


Branch link | 


Equivalencies 


B.LINK 


<- B.LINK 0=0 


B.LINK rc 


<- B.LINK 0=rc 



Format 

B.UNK rd=rc 

31 24 23 1817 12 11 6 5 0 

I B,MINOR I rd I rc I 0 I B,LINK | 

8 6 6 6 6 



rb <- 0 
Description 

The address of the instruction following this one is placed into register rd. Execution 
branches to the address specified by the contents of register rc. 

Access disallowed exception occurs if the contents of register rc is not aligned on a quadlet 
boundary. 

Reserved instruction exception occurs if rb is not zero. 
Definition 

def BranchLink(rd,rc,rb) as 
if rb 9t 0 then 

raise Reservedlnstruction 

endlf 

c RegReadfrc, 64) 
if (c and 3] ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

RegWritefrd, 64, ProgramCounter + 4) 
ProgramCounter ^ C63..2 I 1 0^ 
raise TakenBranch 
enddef 
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Exceptions 

Reserved Instruction 

Access disadlowed by virtual address 
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Load 

These operations compute a virtual address from the contents of two registers, load data 
from memory, sign- or zero-extending the data to fill the destination register. 



Operation codes 



L8'o 


Load signed byte 


L16.B 


Load signed doublet big-endian 


LI6AB 


Load signed doublet aligned big-endian 


L16.L 


Load signed doublet little-endian 


L16AL 


Load signed doublet aligned little-endian 


L.32.B 


Load signed quadlet big-endian 


L.32AB 


Load signed quadlet aligned big-endian 


L32.L 


Load signed quadlet little-endian 


L32AL 


Load signed quadlet aligned little-endian 


L64.B 


Load signed octlet big-endian 


L64AB 


Load signed octlet aligned big-endian 


L64.L 


Load signed octlet little-endian 


L64AL 


Load signed octlet aligned little-endian 


L.128.B" 


Load hexlet big-endian 


L128AB'2 


Load hexlet aligned big-endian 


L128.L'3 


Load hexlet little-endian 


LI28AL"» 


Load hexlet aligned little-endian 


LU.8'5 


Load unsigned byte 


LU.16.B 


Load unsigned doublet big-endian 


LU.I6AB 


Load unsigned doublet aligned big-endian 


LU.16.L 


Load unsigned doublet little-endian 


LU.I6AL 


Load unsigned doublet aligned little-endian 


LU.32.B 


Load unsigned quadlet big-endian 


LU.32AB 


Load unsigned quadlet aligned big-endian 


LU.32.L 


Load unsigned quadlet little-endian 


L.U.32AL 


Load unsigned quadlet aligned little-endian 


LU.64.B 


Load unsigned octlet big-endian 


LU.64AB 


Load unsigned octlet aligned big-endian 


LU.64.L 


Load unsigned octlet little-endian 


LU.64AL 


Load unsigned octlet aligned little-endian 



need not distinguish between litde-endian and big-endian ordeiing, nor between aligned and unaligned, as 
only a sin^e byte is loaded. 

^^L,128.B need not distinguish between signed and unsigned, as the hexlet fills the destination register. 
'2l.128.AB need not distinguish between signed and unsigned, as the hexlet fills the destination register. 
'3L,128.Lneed not distinguish between signed and unsigned, as the hexlet fills the destination register. 
i^L.128.AL need not distinguish between signed and unsigned, as the hexlet fills the destination register. 
15L.U8 need not distinguish between litde-endian and big-endian ordering, nor between aligned and unaligned, 
as only a single byte is loaded. 
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Selection 



number format 


type 


size 


alignment 


orderinq 


signed byte 




8 






unsigned byte 


u 


8 






signed integer 




16 32 64 




L B 


signed integer aligned 




16 32 64 


A 


L B 


unsigned integer 


u 


16 32 64 




L B 


unsigned integer aligned 


u 


16 32 64 


A 


L B 


register 




128 




L B 


register aligned 




128 


A 


L B 



Format 



op rd=rc,rb 
rd=op{rQrb) 

31 24 23 18 17 12 11 6 5 0 

I L-MINOR I rd I rc I rb I op 
8 6 6 6 6 



Description 

An operand size, expressed in bytes, is specified by the instruction. A virtual address is 
computed from the sum of the contents of register rc and the contents of register rb 
multiplied by operand size. The contents of memory using the specified byte order are read, 
treated as the size specified, zero-extended or sign-extended as specified, and placed into 
register rd. 

If alignment is specified, the computed virtual address must be aligned, that is, it must be an 
exact multiple of the size expressed in bytes. If the address is not aligned an "access 
disallowed by virtual address" exception occurs. 

Definition 

def Load(op,rd,rcrb) as 
case op of 

LI6L L32U L8, L16AU L32AL, L16B, L32B, L16AB, L32AB, 
L64L, L64AL, L64B, L64AB: 
signed true 

LUI6L LU32U LU8, LUI6AU LU32AU LU16B, LU32B, LUI6AB, LU32AB, 
LU64U LU64AU LU64B, LU64AB: 

signed false 
LI28L LI28AL LI28B, LI2aAB: 

signed <- undefined 

endcase 
case op of 
L8, LU8: 

size 8 

L16L LU16L LI6AL LU16AL, L16B, LU16B, L16AB, LUI6AB: 
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size <- 16 

L32L, LU32I_ L32AL, LU32AU L32B, LU32B, L32AB, LU32AB: 
size <- 32 

L64L, LU64L L64AL, LU64AL L64B, LU64B, L64AB, LU64AB: 

size 64 
LI28L L128AL, LI28B, LI2aAB: 

size 128 

endcase 

Isize ^ log(slze) 

case op of 

LI6U LU16L, L32L LU32U L64U LU64U L128L 
LJ6AL, LUI6AL, L32AL LU32AL L64AL LU64AU L128AL 
order ^ L 

LI6B, LU16B; L32B, LU32B, L64B, LU64B, L128B, 

L16AB, LUI6AB, L32AB, LU32AB, L64AB, LU64AB, L128AB: 

order B 
L8, LU8: 

order undefined 

endcase 

c <- RegReadfrc, 64) 

b 4- RegRead(rb, 64) 

VirtAddr ^ c + (b66-isize..O I I 0'«2e-3) 

case op of 

LI6AL, LU16AU L32AU LU32AL, L64AL LU64AU LI28AL, 
LI6AB, LUI6AB, L32AB, LU32AB, L64AB, LU64AB, L12aAB: 
(ci5ize-4..0 0 then 

raise AccessDisallowedByVirtuaiAddress 

endif 

L16L, LU16U L32U LU32L, L64U LU64L L128L, 
LI6B, LUI6B, L32B, LU32B, L64B. LU64B, L128B: 
L8. LU8: 
endcase 

m <- LoadMemory(cVirtAddr,size,order) 
a (msize-t and signed) ^28-size | | ^ 
RegWritefrd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by ^obal TB 
Local TB miss 
Global TB miss 
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Load Immediate 

These operations compute a virtual address from the contents of a register and a sign- 
extended immediate value, load data from memory, sign- or zero-extending the data to fill 
the destination register. 



Operation codes 



L.l.8'6 


Load immediate signed byte 


LI.16AB 


Load immediate signed doublet aligned big-endian 


LI. 1 6.B 


Load immediate signed doublet big-endian 


LI.16AL 


Load immediate signed doublet aligned little-endian 


LI.I6.L 


Load immediate signed doublet little-endian 


LI.32AB 


Load immediate signed quadiet aligned big-endian 


LI.32.B 


Load immediate signed quadiet big-endian 


LI.32AL 


Load immediate signed quadiet aligned little-endian 


LI.32.L 


Load immediate signed quadiet little-endian 


LI.64AB 


Load immediate signed octlet aligned big-endian 


LI.64.B 


Load immediate signed octlet big-endian 


LI.64AL 


Load immediate signed octlet aligned little-endian 


U.64.L 


Load immediate signed octlet little-endian 


U.I28AB" 


Load immediate hexlet aligned big-endian 


LI.128.B'8 


Load immediate hexlet big-endian 


LI.I28AL" 


Load immediate hexlet aligned little-endian 


U. 1 28.L20 


Load immediate hexlet little-endian 


LI.U.821 


Load immediate unsigned byte 


LI,U.16AB 


Load immediate unsigned doublet aligned big-endian 


LI.U.I6.B 


Load immediate unsigned doublet big-endian 


U.U.I6AL 


Load immediate unsigned doublet aligned little-endian 


LI.U.16.L 


Load immediate unsigned doublet little-endian 


LI.U.32AB 


Load immediate unsigned quadiet aligned big-endian 


LI.U.32.B 


Load immediate unsigned quadiet big-endian 


LI.U.32AL 


Load immediate unsigned quadiet aligned little-endian 


LI.U.32.L 


Load immediate unsigned quadiet little-endian 


LI.U.64AB 


Load immediate unsigned octlet aligned big-endian 


U.U.64.B 


Load Immediate unsigned octlet big-endtan 


LI.U.64AL 


Load Immediate unsigned octlet aligned little-endian 


LI.U.64.L 


Load immediate unsigned octlet little-endian 



need not distinguish between little-endian and big-endian ordering, nor between aligned and unaligned, 
as only a single byte is loaded. 

17LL128j\B need not distinguish between signed and unsigned, as the hexlet fills the desdnadon register. 
18LL128.Bneed not distinguish between signed and unsigned, as the hexlet ^s the destination register. 
^^.128j\L need not distinguish between signed and unsigned, as the hexlet fills the destination register. 
20U.128.Lneed not distinguish between signed and unsigned, as the hexlet fills the destination register. 
2^LI.U8 need not distinguish between litde-endian and big-endian ordering, nor between aligned and unaligned, 
as only a single byte is loaded. 
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Selection 



number format 


type 


size 


alignment 


ordering 


signed byte 




8 






unsigned byte 


u 


8 






signed integer 




16 32 64 




L 8 


signed integer aligned 




16 32 64 


A 


L B 


unsigned integer 


u 


16 32 64 




L B 


unsigned integer aligned 


u 


16 32 64 


A 


L B 


register 




128 




L B 


register aligned 




128 


A 


L B 



Format 



op rd=rc,offset 
rd=op|rcoffset) 

3j 24 23 18 17 12 11 0 

I op i rd I rc i offset | 

8 6 6 12 

Description 

An operand size, expressed in bytes, is specified by the instruction. A virtual address is 
computed from the sum of the contents of register rc and the sign-extended value of the 
offset field, multiplied by the operand size. The contents of memory using the specified byte 
order are read, treated as the size specified, zero-extended or sign-extended as specified, and 
placed into register rd. 

If alignment is specified, the computed virtual address must be aligned, that is, it must be an 
exact multiple of the size expressed in bytes. If the address is not aligned an "access 
disallowed by virtual address" exception occxirs. 

Definition 

def Loadlmmediate|op/djc,offset) as 
case op of 

UI6U LI32L U8, Ln6AL. U32AL, U16B, LI32B, LI16AB, U32AB: 
U64L, LI64AU U64B, U64AB: 

signed <- true 
UU16L LIU32U UUB, LJUI6AU UU32AU 
UU16B. LIU32B. LIU16AB, 1JU32AB: 
UU64L, UU64AL LIU64B, UU64AB: 

signed false 
LII28L UI28AL LJ128B, LM28AB: 

signed ^ undefined 

endcase 
case op of 
LIS, UU8: 

size <- 8 

UI6L LIUI6L U16AL LJU16AL LI16B, UU16B, LI16AB. LfU16AB: 
size 16 
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U32U LIU32L LI32AL, LIU32AL LI32B, UU32B, LI32AB, LIU32AB: 
size <- 32 

LI64L LIU64L U64AL, UU64AL, LI64B, UU64B, LI64AB, LIU64AB: 

size 64 
LI128L Ln2aAU LI128B, LI128AB: 

size ^ 128 

endcase 

Isize <- loglsize) 

case op of 

LI16U LIUI6U LI32L LIU32L LI64L LIU64L, LI128U 
LII6AL LIUI6AL, LI32AL, LIU32AU LI64AL, UU64AL, UI28AL 
order <- U 

LI16B, UUI6B, LI32B, LIU32B, LI64B, UU64B, LII28B, 

LII6AB, LIUI6AB, LI32AB, LIU32AB, LI64AB, LIU64AB, LM28AB: 

order ^ B 
LIS, UU8: 

order undefined 

endcase 

c RegRead{rc, 64) 

VirtAddr <- c + (offset^f "'^'^e | | offset 1 1 o'5tee-3j 
case op of 

LII6AL LIU16AL, LI32AL, LIU32AU U64AU LIU64AL LII28AU 
Ln6AB, LIU16AB, LI32AB, LIU32AB, LI64AB, LIU64AB. UI28AB; 

|Clsize-4..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

LI16L LiUI6U LI32L UU32L L164L LiU64U Ln28U 
11166, LIU16B, LI32B, UU32B, LI64B, UU64B, UI28B: 
LIB. LIU8: 
endcase 

m <- LoadMemory(c,VirtAddr,slze,order) 
a (mjize-i and signed) '28-size | | ^ 

RegWrite{rd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Store 

These operations add the contents of two registers to produce a virtual address, and store 
the contents of a register into memory. 



Operation codes 



S.822 


Store byte 


S.I6.B 


Store double big-endian 


S.I6AB 


Store double aligned big-endian 


S.I 61 


Store double little-endian 


S.16AL 


Store double aligned little-endian 


S.32.B 


Store quadlet big-endian 


S.32AB 


Store quadlet aligned big-endian 


S.32.L 


Store quadlet little-endian 


S.32AL 


Store quadlet aligned little-endian 


S.64.B 


Store octlet big-endian 


S.64AB 


Store octlet aligned big-endian 


S.64.L 


Store octlet little-endian 


S.64AL 


Store octlet aligned little-endian 


S.128.B 


Store hexlet big-endian 


S.I28AB 


Store hexlet aligned big-endian 


S.128.L 


Store hexlet little-endian 


S.I28AL 


Store hexlet aligned little-endian 


S.MUX.64AB 


Store multiplex octlet aligned big-endian 


S.MUX.64AL 


Store multiplex octlet aligned little-endian 



Selection 



number format 


op 


size 


alignment 


ordering 


byte 




8 






integer 




16 32 64 128 




L B 


integer aligned 




16 32 64 128 


A 


L B 


multiplex 


MUX 


64 


A 


L B 



Format 
op rd,rc,rb 
op(rd,rc,rb) 

31 24 23 18 17 12 II 6 5 0 

I S.MINOR I rd I rc I rb I op I 

8 6 6 6 6 



^S.8 need not specify byte ordering, nor need it specify alignment checking, as it stores a single byte. 
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Description 

An operand size, expressed in bytes, is specified by the instruction. A virtual address is 
computed from the sum of the contents of register rc and the contents of register rb 
multiplied by operand size. The contents of register rd, treated as the size specified, is stored 
in memory using the specified byte order. 

If alignment is specified, the computed virtual address must be aligned, that is, it must be an 
exact multiple of the size expressed in bytes. If the address is not aligned an "access 
disallowed by virtual address" exception occurs. 

Definition 

def Store(op,rd,rc,rb) as 
case op of 
S8: 

size <- 8 
S16L S16AU S16B. SI6AB: 

size <- 16 
S32L S32AU S32B, S32AB: 

size <- 32 
S64U S64AL S64B, S64AB, 
SMUX64AB, SMUX64AL 

size ir- 64 
SI28U S128AL S128B, SI2aAB: 

size <- 128 

endcase 
Isize <- log(size) 
case op of 
S8: 

order undefined 
S16L S32U S64L, S128L 
SI6AL, S32AL, S64AL, S128AL SMUX64ALi: 

order L 
SI6B, S32B, S64B, SI 288, 
SI6AB, S32AB, S64AB, S128AB, SMUX64ABI: 

order B 

endcase 

c <- RegReadfrc 64) 

b RegRead(rb, 64) 

VirtAddr c + (b66-lsize..O I I 0'5i2e-3j 

case op of 

SI6AL, S32AL S64AL. S128AL, 
S16AB, S32AB, S64AB, S128AB, 
SMUX64AB, SMUX64AL 
if (Clsize-4..0 0 then 

raise AccessDIsallowedByVlitualAddress 

endlf 

S16L S32L, S64U S128U 
SI 68, S32B, S64B, SI28B: 
S8: 
endcase 

d <r- RegReadfrd, 128) 
case op of 
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sa 

SI6L S16AU S16B, S16AB, 
S32U S32AL S32B, S32AB, 
S64L, S64AL S64B, S64AB, 
SI28U SI28AU S128B, S128AB: 

StoreMemory(c,VirtAcldr,size,order.dsjze- 1 ..o) 
SMUX64AB, SMUX64AL: 

lock 

a <- LoadMemoryW|c,VirtAddr,size.order) 

"1 (d l27..64 & d63..0) I (3 & -d63.0) 
StoreMemory(c,VirtAddr,size,order,m) 
endlock 

endcase 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by ^obal TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB ndss 
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Store Double Compare Swap 

These operations compare two 64-bit values in a register against two 64-bit values read from 
two 64-bit memory locations, as specified by two 64>bit addresses in a register, and if equal, 
store two new 64-bit values from a register into the memory locations. The values read from 
memory are catenated and placed in a register. 



Ooeration codes 


S.D.CS.64AB 


Store double compare swap octlet aligned big- 

d lUICll 1 


S.D.CS.64AL 


Store double compare swap octlet aligned little- 
endian 


Format 




op rd@rc,rb 




rd=op(rd,rcjb) 




31 24 23 


18 17 12 11 6 5 0 


1 S.MINOR 1 


rd 1 rc 1 rb 1 op 1 


8 


6 6 6 6 


Description 





Two virtual addresses are extracted from the low order bits of the contents of registers rc 
and rb. Two 64-bit comparison values are extracted from the high order bits of the contents 
of registers rc and rb. Two 64-bit replacement values are extracted from the contents of 
register rd. The contents of memory using the specified byte order are read from die 
specified addresses, treated as 64-bit values, compared against the specified comparison 
values, and if both read values are equal to the comparison values, die two replacement 
values are written to memory using the specified byte order. If either are unequal, no values 
are written to memory. The loaded values are catenated and placed in the register specified 
by rd. 

The virtual addresses must be aligned, that is, it must be an exact multiple of the size 
expressed in bytes. If the address is not aligned an "access disaUowed by virtual address" 
exception occurs. 

Definition 

def StoreDoubleCompareSwap(op,rd/c,rb| as 
size ir- 64 
Isize <- log(size) 
case op of 

SDCS64AL 

order <- L 
SDCS64AB: 
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order <- B 

endcase 

c <- RegRead|rc, 128) 
b RegReadfrb. 128) 
d RegRead(rd, 128) 
»f |C2..0 0) or (b2..o 0) then 

raise AccessDisallowedByVirtualAddress 

endif 
lock 

a ^ LoadMemoryW(c63..o C63..0'64,order) I I LoadMemoryW(b63..o b63..0'64,order) 
if ((CI27..64 I J bi27.64.) = a) then 

StoreMemory((C63..o C63..0'6'^'Order,d 1 27..64) 

StoreMemoryjb63..ob63..0.64,order,d63..o) 

endif 
endlock 

RegWrite|rd, 128, a) 
enddef 

Exceptions 

Access disaUowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Store Immediate 

These operations add the contents of a register to a sign-extended immediate value to 
produce a virtual address, and store the contents of a register into memory. 



Operation codes 



S.1.823 


Store immediate byte 


S.I.I 6 AB 


Store immediate double aligned biq-endlan 


S.I.16.B 


Store immediate double big-endian 


S.I.I 6 AL 


Store immediate double aligned little-endian 


S.I.I6.L 


Store immediate double littie-endian 


S.I.32AB 


Store Immediate quadlet aligned big-endian 


S.I.32.B 


Store immediate quadlet big-endian 


S.I.32AL 


Store immediate quadlet aligned little-endian 


S.I.32.L 


Store immediate quadlet little-endian 


S.I.64AB 


Store immediate octlet aligned big-endian 


S.I.64.B 


Store immediate octlet big-endian 


S.I.64AL 


Store immediate octlet aligned little-endian 


S.I.64.L 


Store immediate octlet little-endian 


S.I.I 28 AB 


Store immediate hexlet aligned big-endian 


S.I.128.B 


Store immediate hexlet big-endian 


S.I.I 28 AL 


Store immediate hexlet aligned little-endian 


S.I.I28.L 


Store immediate hexlet little-endian 


S.MUXI.64AB 


Store multiplex immediate octlet aligned big-endian 


S.MUXI.64AL 


Store multiplex immediate octlet aligned little-endian 



Selection 



number format 


op 


size 


alignment 


ordering 


byte 




8 






integer 




16 32 64 128 




L B 


integer aligned 




16 32 64 128 


A 


L B 


multiplex 


MUX 


64 


A 


L B 



Format 



S.op.l.si2e.align.order rd,rc,offset 
sopisizealignorder(rd,rcoffset) 

31 24 23 18 17 12 II 0 

I op I rd I rc I offset | 

8 6 6 12 



^1.8 need not specify byte ordering nor need it specify alignment checking, as it stores a single byte. 
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Description 

An operand size, expressed in bytes, is specified by the instruction. A virtual address is 
computed firom the sum of the contents of register rc and the sign-extended value of the 
offset field, multiplied by the operand size. The contents of register rd, treated as the size 
specified, are written to memory using the specified byte order. 

The computed virtual address must be aligned, that is, it must be an exact multiple of the 
size expressed in bytes. If the address is not aligned an "access disallowed by virtual address" 
exception occurs. 

Definition 

def Storelmmecliate(op/d,rc,offset) as 
case op of 
S18: 

size 4- 8 
SI16U SII6AU SM6B, SI16AB: 

size <- 16 
SI32U SI32AL SI32B, SI32AB: 

size <- 32 

SI64L SI64AU Sf64B, SI64AB, SMLrXI64AB, SMUXI64AL- 

size ^ 64 
Sn28U SI I28AL, Sfl28B, SI128AB: 

size 128 

endcase 
Isize <- log(size) 
case op of 
SIB: 

order <- undefined 
SI16U SI32U SI64U Sn28L 
SI16AU SI32AU SI64AU SII2aAU SMUXI64AL 

order L 
SI16B, SI32B, SI64B, SI128B, 
Sf16AB, SI32AB, Sf64AB; Sn28AB, SMUXI64AB: 

order B 

endcase 

c i- RegReadfrc 64) 

VirtAddr <- c + (offset^ ^"'^ize | | offset i | Q^size-S^ 

case op of 

SIldAL SI32AU SI64AU Sn28AU 
SIldAB, SI32AB. SI64AB, Sn28AB, 
SMUXI64AB, SMUXI64AL: 
if lQsize-4„0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endlf 

SI16L SI32U SI64L Sn28U 
SI16B, SI32B, SI64B, SI128B: 
SIB: 
endcase 

d RegReadfrd, 128) 
case op of 
SI8, 

SI16U SI16AL SI16B, SI16AB, 
SI32U SI32AL. SI32B, SI32AB. 
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SI64L, SI64AL, SI64B, SI64AB, 
Sil28L SII28AL SI128B, SII28AB: 

StoreMemory(c,VirtAddr,size,order,clsize- 1 ..o) 
SMUXI64AB, SMUXI64AL 

lock 

a <- LoadMemoryW(c,VirtAddr,size,orcler) 

m ^ (dl27..64 & d63..0J 1 (a & -<^63.0) 
StoreMennory(c,VirtAddr,size,order,m) 
endlock 

endcase 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disaUowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by ^obal TB 
Local TB miss 
Global TB miss 
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Store Immediate Inplace 



These operations add the contents of a register to a sign-extended immediate value to 
produce a virtual address, and store the contents of a register into memory. 

Operation codes 



SAS.I.64AB 


Store add swap jmrnediate octlet aligned big-endian 


SAS.I.64AL 


Store add swap immediate octlet aligned little-endian 


S.C.S.I.64AB 


Store compare swap Immediate octlet aligned big-endian 


S.C.S.I.64AL 


Store compare swap immediate octlet aligned little-endian 


S.M.S.I.64AB 


Store multiplex swap immediate octlet aligned big-endian 


S.M.S.I.64AL 


Store multiplex swap immediate octlet aligned little-endian 


Selection 



number format 


op 


size 


alignment 


ordering 


add-swap 


AS 


64 


A 


L 8 


compare-swap 


CS 


64 


A 


L 8 


multiplex-swap 


MS 


64 


A 


L 8 



Format 

S.op.l.64.allgn.order rd®rcoffset 
rd=sopi64alignorder(rd,rc,offset) 

31 24 23 18 17 



I 



I 



1211 



-2E. 



rd 



rc 



offset 



12 



Description 



A virtual address is computed from the sum of the contents of register rc and the sign- 
extended value of the offset field. The contents of memory using the specified byte order are 
read and treated as a 64-bit value. A specified operation is performed between the memory 
contents and the orginal contents of register rd, and the result is written to memory using 
the specified byte order. The original memory contents are placed into register rd. 

The computed virtual address must be aligned, that is, it must be an exact multiple of the 
si2e expressed in bytes. If the address is not aligned an "access disallowed by virtual address'* 
exception occurs. 

Definition 

def Storelmmediatelnplace(op,rd,rc,offset) as 
size <- 64 
Isize <- logfsize) 
case op of 



-131- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Store Immediate Inplace 



SASI64AL, SCSI64AL, SMSI64AL: 

order <- L 
SASI64AB, SCSI64AB, SMSI64AB: 

order B 

endcase 

c RegRead|rc, 64) 

VirtAddr <- c + (offset^f -^^ize | | ^ff^^^ , | Qlsize-3j 

*f (Qsi2e-4..0 ^ 0 then 

raise AccessDisallowedByVirtuaiAddress 

endif 

d <- RegRead(rd, 128) 
case op of 

SASI64AB, SASI64AL: 
lock 

a <- LoadMempryW(c,VirtAddr,size,order) 

StoreMemory|c,VirtAddr,size,order,d63..o+a) 
endlock 
SCSI64AB, SCSI64AL: 
lock 

a 4- LoadMemoryW|c,VirtAddr,size,order) 
(a = d63..0) then 

StoreMemory|c,\/irtAddr,size,order,d 1 27..64) 

endif 
endlock 
SMSI64AB, SMSI64AL: 
lock 

a <- LoadMemoryW(cyirtAddr,size.order) 
m (dl27..64 & d63..0) I |a & -d63„o) 
StoreMemory(c,VlrtAddr,si2e,order,m) 
endlock 

endcase 

RegWritefrd, 64, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Store Inplace 

These operations add the contents of two registers to produce a virtual address, and store 
the contents of a register into memory. 



Operation codes 



SAS.64AB 


Store add swap octlet aligned big-endian 


SAS.64AL 


Store add swap octlet aligned little-endian 


S.CS.64AB 


Store compare swap octlet aligned big-endian 


S.C.S.64AL 


Store compare swap octlet aligned little-endian 


S.M.S.64AB 


Store multiplex swap octlet aligned big-endian 


S.M.S.64AL 


Store multiplex swap octlet aligned little-endian 



Selection 



number format 


op 


size 


alignment 


ordering 


add-swap 


AS 


64 


A 


L B 


compare-swap 


C.S 


64 


A 


L B 


multiplex-swap 


M.S 


64 


A 


L B 



Format 

op rd@rc,rb 

rd=op{rd,rc,rb) 

31 24 23 18 17 12 11 6 5 0 

I S.MINOR I rd i rc I rb I op I 

8 6 6 6 6 



Description 

A virtual address is computed from the sum of the contents of register rc and the contents 
of register rb multiplied by operand size. The contents of memory using the specified byte 
order are read and treated as 64 bits. A specified operation is performed between the 
memory contents and the original contents of register rd, and the resvilt is written to memory 
using the specified byte order. The original memory contents are placed into register rd. 

The computed virtual address must be aligned, that is, it must be an exact multiple of the 
size expressed in bytes. If the address is not aligned an "access disallowed by virtual address" 
exception occurs. 

Definition 

def Storelnplace|op,rd,rc,rb) as 
size 4- 64 
Isize ^ log(size) 
case op of 
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SAS64AU SCS64AL SMS64AL: 

order L 
SAS64AB, SCS64AB, SMS64AB: 

order ^ B 

endcase 

c RegRead|rc 64) 

b RegReadfrb, 64) 

VirtAddr ^ c + (b66-islze..O I I O'^'^^-^) 

»f (C|size-4..0 0 then 

raise AccessDisallowedByVirtuaiAddress 

endif 

d <- RegReadfrd, 128) 
case op of 

SAS64AB, SAS64AL: 
lock 

a 4- LoadMennoryW|cVirtAddr,size,order) 
StoreMemory(c,VirtAddr,si2e,order,d63.,o+a) 

endlock 
SCS64AB, SCS64AL: 

lock 

a LoadMemoryW(cVirtAddr,size.order) 
(3 = d63..o) t^>en 

StoreMemory|cVirtAddr^ize,order,d 1 27..64) 

endif 
endlock 
SMS64AB, SMS64AL: 
lock 

a i- LoadMemoryW(cVirtAddrsize,order) 
^ <- (dl27..64 & d63,.0) I (a & -d63,.o) 
StoreMemofy|c,VirtAddr,size,order,m) 
endlock 

endcase 

RegWrlte(rd, 64, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detaO required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Group Add 

These operations take operands from two registers, perfomi operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



Gy\DD.8 


Group add bytes 


Gy\DD. 1 6 


Group add doublets 


Gj^D.32 


Group add quadlets 


Gy\DD.64 


Group add octlets 


Gy\DD. 1 28 


Group add hexlet 


Gy\DD.L8 


Group add limit signed bytes 


Gy\DD.LI6 


Group add limit signed doublets 




Group add limit signed quadlets 


G.ADD.L64 


Group add limit signed octlets 


G>\DD.L 1 28 


Group add limit signed hexlet 


G.ADD.LU.8 


Group add limit unsigned bytes 


G-ADD.LU.16 


Group add limit unsigned doublets 


vj y\UL/.L. U. J Z 


\jroup aaa iimii unsignea quaaieis 


G^D.LU,64 


Group add limit unsigned octlets 


GADD.LU.128 


Group add limit unsigned hexlet 


Gj^DD.8.0 


Group add signed bytes check overflow 


G>\DD.I6.0 


Group add signed doublets check overflow 


G>\DD.32.0 


Group add signed quadlets check overflow 


GADD.64.0 


Group add signed octlets check overflow 


G^D.128.0 


Group add signed hexlet check overflow 


Gj^DD.U.8.0 


Group add unsigned bytes check overflow 


G^DD.U.I6.0 


Group add unsigned doublets check overflow 


Gj^DD.U.32.0 


Group add unsigned quadlets check overflow 


GADD.U.64.0 


Group add unsigned octlets check overflow 


G>\DD.U.128.0 


Group add unsigned hexlet check overflow 



Redundancies 



G>\DD.si2e rd=rc,rc 


<=> 


G.SHLI.size rd=rcj 


GADD.size.O rd=rcrc 


<=> 


G.SHLI.size.O rd=rcj 


Gj«£)D.U.size.O rd=rc,rc 


<=> 


G.SHLI.U.size.O rd=rcj 
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Format 

G.op.sizerd=rc,rb 
rd=gopsize(rc,rb) 



31 


24 23 


18 17 12 11 


6 5 


0 


1 


G.size 1 


rd 1 rc 1 


rb 1 


op 1 




8 


6 6 


6 


6 



Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified and added, and if specified, checked for overflow or limited, yielding a group of 
results, each of which is the size specified. The group of results is catenated and placed in 
register rd. 

Definition 

def Group(op,size,rd,rc/b) 
c <- RegRead|rc 128) 
b ir- RegReadfrb, 128) 
case op of 
GADD: 

for i <- 0 to 128-size by size 

^H-size-lJ ^ Ci+si2e-l..i "** ^i+size-lJ 
endfor 
GADD.L 

for i <- 0 to 128-size by size 

t <- (Ci+size-1 I I Cn-size-lj) + (bj+size-l ' ' bf+size-l.-il 

ai+size^lj <- (tsize ^ tjize-l) ? feze I ' ^ile-l) ' 'size- 1. .0 
endfor 
G-ADD.LU: 

for i <- 0 to 128-size by size 

t (0^ II Cf+size-lj) + (0^ N b^size-lJ 

a^size-lJ (tsize ^ 0) ? (1^*^^) - tsize-I-.O 
endfor 
GADD.O: 

for i 0 to 128-stze by size 

t (CM-size-l I I Ci+sjze-l..i) + (bffsize-I ' > ^hsize-}J 
if tsize 5* tsize- 1 then 

raise FixedPointArithmetic 

endif 

^^H-size-LJ ^ tsize- 1. .0 
endfor 
G>\DD.U.O: 

for i 0 to 128-size by size 

t (0> II CKslze-l J + (0' II bf^size-lJ 
if tsize 0 then 

raise FixedPointArithmetic 

endif 

ah-size-IJ tsize- 1..0 
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endfor 

endcase 

RegWrite|rd, 128, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Group Add Halve 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



G ADD H fl r 


vjiijufj auu ridivc: Zkiyncu uy ics ceiiiriy 


G ADD H ft P 


oroup ouu ridiVc siyncu Oyies rlOOi 


G ADD H ft N 




G ADD W ft 7 


vjiuup duu ridivc ^lyricu Dyics zero 


G ADD'H 1 A r 


vjioup dua ridive siyneu uouoicis ceillny 


G ADD H 1 A P 


oroup duu ridive siyneu uouDiecs noor 


G ADD H 1 A M 


oroup duu ridive siyneQ uouoieis nearest 


G ADD H 1 A 7 


oroup ducj Hdive Siyneu uouoieLS zero 


G ADD H ^7 r 


vjroup aaa ndive siyneu quduiets ceiling 


G ADD M ^7 P 


oroup dou ndive siyneu yUduieis noor 


Ann w "57 M 


oroup aaa naive signea quaoiets nearest 


G ADn w ^7 7 


(jroup aaa naive signea cjuauiets zero 


G ADD H A4. T 


vjroup aaa naive siynea occiets ceiiinQ 


G ADD W A4 P 


oroup aoo naive siynea ocueis noor 


G ADD l-l A4. M 


oroup aaa naive siynea octiets nearest 


Ann w 7 


oroup aaa naive signea octiets zero 


G ADD H 1 7ft 


oroup aaa naive siyneo nexiet ceiling 


G Ann H 1 7ft P 


oroup aaa naive signea nexiet noor 


G Ann w 1 7ft M 


oroup aaa naive signea nexiet nearest 


G Ann w 1 7Q 7 


oroup aaa naive signea nexiet zero 


Ann i-i i 1 Q 


Group add halve unsigned bytes ceiling 


G Ann f-i M ft P 
vj y\i-/ ly , n . u . 0 , r 


oroup aaa naive unsignea oytes noor 


GADD.H.U.8.N 


GrouD add halve un^innprj hvtp^ ry^^^vRKt 


G>\DD.H.U.I6.C 


Group add halve unsigned doublets ceiling 


Gy\DD.H.U.16.F 


Group add halve unsigned doublets floor 


G>\DD.H.U.16.N 


Group add halve unsigned doublets nearest 


Gy\DD.H.U.32.C 


Group add halve unsigned guadlets ceiling 


Gy\DD.H.U.32.F 


Group add halve unsigned guadlets floor 


G>\DD.H.U.32.N 


Group add halve unsigned guadlets nearest 


G>\DD.H.U.64.C 


Group add halve unsigned octiets ceiling 


G>\DD.H.U.64.F 


Group add halve unsigned octiets floor 


G>\DD.H.U.64.N 


Group add halve unsigned octiets nearest 


G>NDD.H.U.I28.C 


Group add halve unsigned hexlet ceiling^ 


G>\DD.H.U.128.F 


Group add halve unsigned hexlet floor 


G>\DD.H.U.128.N 


Group add halve unsigned hexlet nearest 
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G-ADD.H.size.rnd rd=rc,rc 


o 


G.COPY rd=rc 




Ann H 1 / mri rri^^rr rr 




G.COPY rd=rc 




Format 








G.op.size.rnd rd=rc,rb 








rd=gopsizernd(rc/b) 

31 24 23 


18 17 


12 11 6 


5 21 0 


1 G.slze 1 rd 


1 


rc 1 rb 




8 6 




6 6 


4 2 



Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified, added, halved, and rounded as specified, yielding a group of results, each of which 
is the size specified. The results never overflow, so limiting is not required by this operation. 
The group of results is catenated and placed in register rd. 

Z (zero) rounding is not defined for unsigned operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 

Definition 

def GroupAddHalve(op,rnd,size,rd,rcrb) 
c <- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
case op of 

GADDHC GADDHF, Gt^DDHN, GJ\DDHZ: 

as <- C5 <- bs I 
GADDHUQ GADDHUF, GADDHUN, GADDHUZ 

as <- cs <- bs <- 0 

if md = Z then 

raise Reservedlnstruction 

endif 

endcase 
h <- size+l 

r <r- I 

for i <- 0 to 128-size by size 

p i(cs and Csize-l) I » Csize-I+Li) + ((bs and bjize-i) I I bsize-l+i..i) 
case rnd of 
none, N: 

Z: 

F: 

C: 
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s QSize I I Y I 

endcase 

V <- {(as & psize)! Ip) + (01 Is) 

3size-1+Li ^ ^size..! 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reservcdlnstrucdon 
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Group Boolean 

These operations take operands from three registers, perform boolean operations on 
corresponding bits in the operands, and place the concatenated results in the third register. 



Operation codes 



1 G.BOOLEAN | 


Group boolean | 


Equivalencies 


rz AAA 


VJi vJU^ Li II C-C~Way Cil ILJ 


AAA / 


r^rm in ^riri ^riri ^r\c\ hiif^ 

\JiV/lJ|J CIULJ CivlU OKJKJk UiU 


ri AA^ / 


OrOUp dUU aUU ^UUUdLL UlO 


ri Ann 7 




A KID 


VJI \J\Jyj at IVJ 


AMDM 


vjroup dnu riuL 


L7. C \Jr J 




rz KIAAA 


vji ijup u II cc wciy 1 icii lu 


\j,r4r\NU 


vjioup nanu 


\J.I\KJ\J\J 


^rr\i ir\ f H roi3_\ a/3\/ nor 

oroup Lnrcc-wdy noi 




vjroup nor 


\3.r4\Ji 


oroup not 


C7./VAAA 


vjioup uirce^wdy eACiuiivc~rior 




vsioup Uirec-wdy or 




(jfoup or 




oroup or noi 


rz ^AA 1 


CjfOUp SUOudCL dQa dQa DIlS 




oroup SUDudCl duG SUDudCc DIlS 






G.SETJ\ND.E.l 


Group set and equal zero bits 


G.SETAND.NE.1 


Group set and not equal zero bits 


G.SET.E. 1 


Group set equal bits 


G.SEr.G. 1 


Group set greater signed bits 


G.SET.G.U. 1 


Group set greater unsigned bits 


G.SET.G.Z. / 


Group set greater zero signed bits 


G.SET.GE. 1 


Group set greater equal signed bits 


G.SET.GE.Z.1 


Group set greater equal zero signed bits 


G.SET.LI 


Group set less signed bits 


G.SET.LZ. 1 


Group set less zero signed bits 


GSET.LE / 


Group set less equal signed bits 


GSET.LEU. J 


Group set less equal unsigned bits 


G.SET.LEZ. 1 


Group set less equal zero signed bits 


G.SET.NE 1 


Group set not equal bits 


G.SET.GEU. 1 


Group set greater equal unsigned bits 


GSEr.LU. 1 


Group set less unsigned bits 
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Cj.^j/I / 


Group subtract subtract add bits 


(Z ccc / 


orOUp SUDirdCI SuDirdCl SUOirdCl DIIS 


G.SUB. 1 


Group subtract bits 


GJ(NOR 


Group exclusjve-nor 


GJ(OR 


Group exclusive-or 


GJoa 


Group three-way exclusive-or 


G.ZERO 


Group zero 




GAAA rd@rc,rb 


<— 


G.BOOLEAN rd@rc,rb,Obl 0000000 


GAAA\ rd@rc,rb 


— > 


GJO<X rd@rc,rb 


GJV\S.1 rd@rc,rb 


— > 


GJ<XX rd@rcrb 


GADD.l rd=rc,rb 


— > 


GJ<OR rd=rc.rb 


GAND rd=rc,rb 


<< — 


G.BOOLEAN rd@rc,rb,Ob 1 000 1 000 


GANDN rd=rc,rb 


^ — 


G.BOOLEAN rd® rc,rb,ObO 1 000 1 GO 


G.BOOLEAN rd@rb,rc,i 


— > 


G.BOOLEAN rd@rc,rb,i7l5i6i4i3i l i2i0 


G.COPY rd=rc 


^ 


G.BOOLEAN rd@rc,rc.Ob 1 000 1 000 


G.NAAA rd@rc,rb 


<- 


G.BOOLEAN rd@rc,rb,0b0 1 111111 


G.NAND rd=rc.rb 




G.BOOLEAN rd@rc,rb,ObO 1 110111 


G.NOOO rd@rc,rb 




G.BOOLEAN rd@rc,rb,0b0000000 1 


G.NOR rd=rc.rb 


<— 


G.BOOLEAN rd@rc,rb,0b000 1 000 1 


G.NOT rd=rc 


<- 


G.BOOLEAN rd@rc.rc.0b000 1 000 1 


G.NXXX rd@rc,rb 


<- 


G.BOOLEAN rd@rc,rb,Ob0 1 1 0 1 00 1 


G.OOO rd@rc,rb 




G.BOOLEAN rd®rc.rb,0b1 1 1 1 1 1 10 


G.OR rd=rc,rb 


<- 


G.BOOLEAN rd@rc.rb,0bl 1 101 1 10 


G.ORN rd=rc,rb 


<- 


G.BOOLEAN rd®rc,rb,0b1 1011 101 


G.^AAi rd@rc,rb 


-» 


GJO<X rd@rc,rb 


G.SAS.J rd@rc,rb 




GXXX rd®rc.rb 


G.SET rd 


<- 


G.BOOLEAN rd®rd,rd,0b 1 000000 1 


G.SETAND.E.1 rd=rb,rc 


G.NAND rd=rc,rb 


G.SETAND.NE1 rd=rb,rc 


G^D rd=rc,rb 


G.SET.E.1 rd=rb.rc 


-> 


G.XNOR rd=rc.rb 


G.SET.GJ rd=rb,rc 


-¥ 


G>\NDN rd=rc,rb 


GSET.G.U.! rd=rb,rc 


-> 


G>\NDN rd=rb,rc 


G.SET.G.Z.1 rd=rc 


-> 


G.ZERO rd 


G.SET.GE1 rd=rb.rc 


-> 


G.ORN rd=rc,rb 


G.SET.GE.Z.I rd=rc 




G.NOT rd=rc 


G.SET.LJ rd=rbjc 


-> 


G-ANDN rd=rb.rc 


G.5ET.LZ.J rd=rc 




G.COPY rd=rc 


G.SET.LE.1 rd=rb,rc 


-> 


G.ORN rd=rb,rc 


G.SET.LE.U.I rd=rb,rc 


-> 


G.ORN rd=rc,rb 


G.SET.LE.Z.I rd=rc 




G.SET rd 


G.SET.NE.1 rd=rb,rc 




GJ<OR rd=rc.rb 
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G.SET.GE.U.1 rd=rb.rc 




CORN rd=rb,rc 


G.SET.LU.1 rd=rb,rc 


-> 


G>\NDN rd=rcrb 


G.SSA1 rd@rc,rb 


-> 


GXXX rd@rc,rb 


G.SSS.1 rd@rcjb 




GXXX rd@rcrb 


G.SUB.1 rd=rc,rb 




GXOR rd=rc,rb 


GJ(NOR rd=rc,rb 


<- 


G.BOOLEAN rd@rc,rb,Ob 1 00 1 1 00 1 


GJ(OR rd=rc,rb 


<- 


G.BOOLEAN rd®rc,rb,ObO 1 1 00 11 0 


GJOa rd@rc,rb 


<— 


G.BOOLEAN rd@rc,rb,0b 1 00 1 0 1 1 0 


G.ZERO rd 


<- 


G.BOOLEAN rd®rd,ra0b00000000 



Selection 



operation 


function (binary) 


function (decimal) 


d 


1 1 1 10000 


240 


c 


1 lOOI 100 


204 


b 


lOlOIOlO 


176 


d&c&b 


1 0000000 


128 


(d&c) 1 b 


1 1 lOIOlO 


234 


diclb 


1 1 1 n no 


254 


d?c:b 


1 lOOIOlO 


202 


d"c"b 


100101 10 


150 


-d-^c-^b 


01 101001 


105 


0 


00000000 


0 



Format 

G.BOOLEAN rd®trc.trb,f 
rd=gbooleani(rd,rc,rb.f) 

31 252423 18 17 12 11 6 5 0 

I G.BOOLEAN |ihi rd | rc | rb | II "~ 

7 16 6 6 6 
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if f6=f5 then 
if f2=f 1 then 
if f2 then 

rc 4- max|trc,trb) 
rb <- min|trc,trb) 

else 

rc <- min(trctrb) 

rb ^ max(trc,trb) 
endif 
ih 0 

il 0 I I f6 I I f7 I I f4 I I f3 I I fo 

else 

if f2 then 
rc <- trb 
rb <- trc 

else 

rc ^ trc 

rb <r- trb 
endif 
ih <- 0 

11 1 II f 6 I I f 7 M f 4 II f 3 I I f 0 
endif 

else 

ih <- 1 
if f6 then 

rc <r- trb 

rb <- trc 

il f I I I f2 II fy I I f4 M fs I I fo 

r else 

rc -f- trc 
rb <~ trb 

il 4-- f2 I I fi I I fy I I f4 I I fs I I fo 
endif 
endif 

Description 

Three values are taken from the contents of registers rd, rc and rb. The ih and il fields 
specify a function of three bits, producing a single bit result. The specified function is 
evaluated for each bit position, and the results are catenated and placed in register rd. 

Register rd is both a source and destination of this instruction. 
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The function is specified by eight bits, which give the result for each possible value of the 
three source bits in each bit position: 



d 


I 1 I 10 0 0 0 


c 


1 10 0 1 10 0 


b 


10 10 10 10 


f(d.c,b) 


f7f6f5f4f3f2flf0 



A function can be modified by rearranging the bits of the immediate value. The table below 
shows how rearrangement of immediate value fy^.Q can reorder the operands d,c,b for the 
same function. 



operation 


immediate 


f(d,c,b) 


f7f6f5f4f3f2flfO 


f(c,d,b) 


f7f6f3f2f5f4f]f0 


f(d,b,c) 


f7f5f6Uf3flf2fO 


f(bx,d) 


f7f3f5flf6f2f4fO 


flcb.dl 


f7f5f3nf6f4f2f0 


f(b,d,cj 


f7 fS f6 fzfsf I f4f0 



By using such a rearrangement, an operation of the form: b—f(d,c,b) can be recoded into a 
legal form: b-f(hjdjc). For example, the function: b-f(d,c,h)=d?c:b cannot be coded, but the 
equivalent function: d—c?b:d can be determined by rearranging the code for d— f(d,c,b)=^d?€:b, 
which is 11001010, according to die rule for f(d,c,b)=>f(c,b,d), to the code 11011000. 

Encoding 

Some special characteristics of this rearrangement is the basis of the manner in which the 
eight function specification bits are compressed to seven immediate bits in this instruction. 
As seen in the table above, in the general case, a rearrangement of operands from f(d,c,b) to 
yj<i^,r^.(interchanging rc and rb) requires interchanging the values of fg and fj and the values 
of f2and fj. 

Among the 256 possible functions which this instruction can perform, one quarter of them 
(64 functions) are unchanged by this rearrangement. These functions have the property that 
f6=f5 and f2=fl. The values of rc and rb^^ can be freely interchanged, and so are sorted into 
rising or faUing order to indicate the value of f2.^^ These functions are encoded by the values 
of fy, f6, f4, f3, and fo in the immediate field and f2 by whether rc>rb, thus using 32 
immediate values for 64 functions. 

Another quarter of the ftmctions have f6=l and f5=0. These functions are recoded by 
interchanging rc and rb, fg and fs, f2 and fi. They then share the same encoding as the 



Note that rc and rb are the register specifiers, not the register contents. 

A special case anses when rc=rb, so the sorting of rc and rb cannot convey information. However, as only 
the values fy, f4, f3, and fQ can ever result in this case, ffi, f5, f2, and i\ need not be coded for this case, so no 
special handling is required. 
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quarter of the functions where f6=0 and f5=l, and are encoded by the values of fy, (4, f3, f2, 
fl, and fo in the immediate field, thus using 64 immediate values for 128 functions. 

The remaining quarter of the functions have f6=f5 and f2^{\. The half of these in which 
f2=l and fi=0 are receded by interchanging rc and rb, f^ and fs, (2 and (\, They then share 
the same encoding as the eighth of the functions where f2— 0 and fi=l, and are encoded by 
the values of fy, f6, {4, f3, and fo in the immediate field, thus using 32 immediate values for 
64 functions. 

The function encoding is summarized by the table: 



f? f6 


f 5 f 4 f3 


f2 


fl 


fo trotrb 


ih 


i'S >'4 i's 


il2 ill 


ilO 


rc 


rb 




f6 




f2 




0 


0 f6 f7 


f4 f3 


fo 


trc 


trb 




f6 




f2 


-f2 


0 


0 f6 f 7 


f4 f3 


fo 


trb 


trc 




f6 


0 


1 




0 


I f6 f? 


f4 f3 


fo 


trc 


trb 




f6 


1 


0 




0 


I f6 f7 


f4 f3 


fo 


trb 


trc 


0 


1 








I 


f2 fl f? 


f4 f3 


fo 


trc 


trb 


1 


0 








1 


fl f2 f7 


f4 f3 


fo 


trb 


trc 



The function decoding is summarized by the table: 



ih lis il4 jl3 il2 ill 


ilo rorb 


f7 


f6 


f5 


f4 f3 


f2 


fl 


fo 


0 0 


0 


»l3 


il4 


il4 


il2 II, 


0 


0 


ilo 


0 0 


I 


il3 


il4 


il4 


il2 il, 


1 


I 


ilo 


0 1 




il3 


il4 


il4 


il2 ill 


0 


1 


ilo 


1 




"Is 


0 


] 


il2 ill 


•Is 


il4 


ilo 



Definition 

def GroupBoolean (ih,rd,rc,rb,il) 
d RegReadfrd, 128) 
c <- RegRead(rc 128) 
b RegRead(rb, 128) 
if lh=0 then 

if il5=0 then 

f II3 II il4 II il4 II II2 I I ill I I (rorb)2 | | iiQ 

else 

f ^ il3 I I if4 1 I il4 II il2 II il] 1 1 0 I I ] I I Ilo 

endif 

else 

f (t3 I t 0 I 1 1 I I il2 I 1 ill I I ils I I il4 I I ilo 

endif 

for i 4- 0 to 127 by size 

<>i ^ f(d|l Icjl lb,) 
endfor 

RegWrite(rd, 128, a) 
enddef 
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Exceptions 

none 
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Group Compare 

These operations perform calculations on partitions of bits in two general register values, 
and generate a fixed-point arithmetic exception if the condition specified is met. 



Operation codes 



G COMj^D E 8 


Group compare and equal zero bytes 


G COM AND F 1 6 


GrouD comoare and 6aual zero doublets 


G COMAND F ^7 


GrouD comoare and 6aual zero auadlets 


G COMj^ND F 64 


GrouD comoare and eaual zero octlets 


G COM AND F 1 7fl 


GrouD comDare and eouat zero hexlet 


G COM AND MF R 


GrouD comDare and not eaual zero bvtes 


G COM AND MF 1 A 


GrouD comnare and not eoual zero doublets 


G COM AMD WF ^7 


Groun romnare and not enual zero Guadlets 


G COM AMH MF 


GrouD comoare and not eaual zero octlets 


G COM AMD MF 1 7ft 


Grouo coiTiDare and not &au3\ zero hexlet 

vJI \J^fJ ^Wl 1 ll^ai ^ 01 lU 1 IWL wwlUCII V 1 I^AIWL 


G COM F ft 


Grniin romn;irp enuPil h\/tps 


Ci COM F 1 A 


Grnun rnmn^rp pnupil dnuhlpfs 


r: fOM F ^7 


Grniin rnmn^rp pnij;^) nu^dlpts 

\Jl WUf>^ ^Wl 1 Ili^Cll W ^ti^UCII ^VJC1UII\.U) 


Ct COM F A4. 


Grnun comn^rp pnu^l nrtlpts 




Groun romopirp poijp4I hpylpt 


ft 


VJI wU|J ^wiiifJaiv- viiccji.^1 ^\^L4Cji jfui ic^vj uy \,\Zj 


vJ.Vw wIVI.VJC. 1 0 




rz rOM (^P ^7 


Groun rnmnpirp nrRPtt^r pnupjl ^ioopH oupidlpts 


r; (^HM r^P AJ. 


Grnun rnmnprp orppifpr poijpiI ^ioopd ortlpfs 
VJI ULi|j v.vjiii^ciiw ^icoLv^i d^uiai i^i^i icvj vjwucio 


roM f^P 1 7ft 


Groun rnmn^rp nrR^tpr poupiI sinnpd hpylpf 

VJI V^LJIJ V.V./1 1 l|JOI ^ Ul CCIld CV^Liai ^lUI ICVJ l icaicl 


rz CCitiA r^F 1 1 ft 


Groun rnmnp^rp nr^^it^f poupiI uncinnpri hvtps 


r: r*nM r^F IMA 


t^rnun mmry^r^ nr(*^t(^r poupjI unsinnpd douhlpfs 

VJI V^UIJ V^l 1 llJCli UlCOLd CLJUCII Lil I^IUI ICVJ VJl^VJUId.^ 


G COM r^F 1 1 "^7 


Groun romn^rp nr^^t^r poij^I itn^lnrt^ri nupidlpfs 

VJI V/UfJ ^V^l 1 IfJCll ^ ^ICaLCI CV|UCIi dJI IjiUI ICVJ VfUCIVIICU 


n COM r^F 1 1 A4. 


Grnun mmn^rf* orp^fpr pniiPl iincirinpd octfpfc 


COM 1 1 1 7ft 


Groun romnpirp orp^fpr pnu^l nn^inn^ci hpylpt 

VJIWU|J ^V^ill|jaiC ^1 CCILwl CU|UCII UI IJl^l ICVJ l icaicl 


<^ rr^hA f ft 


Groi in mmn^rp ^inr\f*fi Ip^^ h\/tP5: 

VJI v^uiJ V.WII liJcll C ji^i idJ icjo UyLC^ 


G COM L 1 6 


Group compare signed less doublets 


G.COM.L.32 


Group compare signed less quadlets 


G.COM.L64 


Group compare signed less octlets 


G.COM.L128 


Group compare signed less hexlet 


G.COM.LU.8 


Group compare less unsigned bytes 


G.COM.LU.16 


Group compare less unsigned doublets 


G.COM.LU.32 


Group compare less unsigned quadlets 


G.COM.LU.64 


Group compare less unsigned octlets 


G.COM.LU.I28 


Group compare less unsigned hexlet 


G.COM.NE.8 


Group compare not equal bytes 


G.COM.NE.16 


Group compare not equal doublets 


G.COM.NE.32 


Group compare not equal quadlets 


G.COM.NE.64 


Group compare not equal octlets 
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G.COM.NE. 1 28 Group compare not equal hexlet | 
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EQuivalencies 



G.COM.E.Z.8 


Group compare equal zero signed bytes 


G.COM.E.Z. 16 


Group compare equal zero signed doublets 


G.COM.E.Z.32 


Group compare equal zero signed quadlets 


G.COM.E.Z.64 


Group compare equal zero signed octlets 


G.COM.E.Z. 128 


Group compare equal zero signed hexlet 


G.COM.G.8 


Group compare signed greater bytes 


G.COM.G. 16 


Group compare signed greater doublets 


G.COM.G32 


Group compare signed greater quadlets 


G.COM.G.64 


Group compare signed greater octlets 


G.COM.G. 128 


Group compare signed greater hexlet 


G.COM.G.U.8 


Group compare greater unsigned bytes 


G.COM.G.U.16 


Group compare greater unsigned doublets 


G.COM.G.U.32 


Group compare greater unsigned quadlets 


G.COM.G.U.64 


Group compare greater unsigned octlets 


G.COM.G.U. 128 


Group compare greater unsigned hexlet 


G.COM.G.Z.8 


Group compare greater zero signed bytes 


G.COM.G.Z.16 


Group compare greater zero signed doublets 


G.COM.G.Z.32 


Group compare greater zero signed quadlets 


G.COM.G.Z.64 


Group compare greater zero signed octlets 


G.COM.G.Z. 128 


Group compare greater zero signed hexlet 


G.COM.GEZ.8 


Group compare greater equal zero signed bytes 


G.COM.GE.Z.16 


Group compare greater equal zero signed doublets 


G.COM.GE.Z.32 


Group compare greater equal zero signed quadlets 


G.COM.GE.Z.64 


Group compare greater equal zero signed octlets 


G.COM.GE.Z.128 


Group compare greater equal zero signed hexlet 


G.COM.LZ.8 


Group compare less zero signed bytes 


G.COM.LZ.16 


Group compare less zero signed doublets 


G.COM.LZ32 


Group compare less zero signed quadlets 


G.COM.LZ.64 


Group compare less zero signed octlets 


G.COM.LZ.128 


Group compare less zero signed hexlet 


G.COM.LE.8 


Group compare less equal signed bytes 


G.COM.LE.16 


Group compare less equal signed doublets 


G.COM.LE.32 


Group compare less equal signed quadlets 


G.COM.LE.64 


Group compare less equal signed octlets 


G.COM.LE.128 


Group compare less equal signed hexlet 


G.COM.LE.U.8 


Group compare less equal unsigned bytes 


G.COM.LE.U.16 


Group compare less equal unsigned doublets 


G.COM.LE.U.32 


Group compare less equal unsigned quadlets 


G.COM.LE.U.64 


Group compare less equal unsigned octlets 


G.COM.LE.U. 128 


Group compare less equal unsigned hexlet 


G.COM.LE.Z.8 


Group compare less equal zero signed bytes 


G.COM.LE.Z.16 


Group compare less equal zero signed doublets 


G.COM.LE.Z.32 


Group compare less equal zero signed quadlets 


G.COM.LE^.64 


Group compare less equal zero signed octlets 
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& COM l£Z / 28 


Group compare less equal zero signed hexlet 


G.COM,NE.Z,8 


Group compare not equal zero signed bytes 


(J.QOM.NE.Z. lo 


Group compare not equal zero signed doublets 


G.COM.NE.Z.32 


Group compare not equal zero signed quadlets 


G.COM.NE.Z.64 


Group compare not equal zero signed octlets 


G.COM.NEZ.128 


Group compare not equal zero signed hexlet 


G.FIX 


Group fixed point arithmetic exception 


G.NOP 


Group no operation 




G.COM.EZ.size rc 


G.COMy\ND.E.size rc,rc 


G.COM.G.size rd,rc 


G.COM.Lsize rc.rd 


G.COM.G.U.size rd.rc 


-> G.COI\/l.LU.size rc,rd 


G.COM.G.Z.size rc 


<= G.COIVl.LU.size rc,rc 


G.COM.GE.Z.5ize rc 


<= G.COM.GE.size rc.rc 


GCOM.LZ.size rc 


<= G.COM.Lsize rc,rc 


G.COM.LEsize rdjc 


-> G.COM.GE.size rc.rd 


G.COM.LE.Usize rd,rc 


G.COM.GE.U.size rcjd 


G.COM.LE.Z.size rc 


<= G.COM.GE.U-size rc.rc 


G.COM.NE.Z.size rc 


<_ G.COM>\ND.NE.size rc.rc 


G.FIX 


4- G.COM.E.I28 rO,rO 


G.NOP 


4r- G.COM.NE.I28 rO,rO 


Redundancies 


G.COM.E.size rd,rd 


«i> G.FIX 


G.COM.NE.size rd,rd 


o G.NOP 



Selection 



class 


operation 


cond 


type 


size 


boolean 


COM>\ND 
COM 


E NE 




8 16 32 64 128 


arithmetic 


COM 


L GE G Z.E 


NONE U 


8 16 32 64 128 




COM 


LGE G LE E NE 


Z 


8 16 32 64 128 



Format 

G.COM.op.si2e rd,rc 
G.COM.opz.size red 

gcomopsize(rd,rc) 

31 24 23 18 17 12 \ I 65 0 

I G,sl2e I rd | rc | op | GCOM | 

8 6 6 6 6 
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Description 

Two values are taken from the contents of registers rd and rc. The specified condition is 
calculated on partitions of the operands. If the specified condition is true for any partition, a 
fixed-point arithmetic exception is generated. This instruction generates no general purpose 
register results., 

Definition 

def GroupCompare(op,size,rd,rc) 
d <- RegRead(rd, 128) 
c RegRead(rc, 128) 
case op of 

G.COM.E: 

for I <- 0 to 128-slze by size 

^H-size-IJ ^ (dH-size-I..! = Cr+size-IJp^^ 
endfor 
G.COM.NE: 

for i <- 0 to 128-size by size 

^H-size- IJ (dj+size-I..i ^ ^hs\ze-\J^^^^ 
endfor 
aCOMAND.E: 

for j 0 to 128-size by size 

3i+size-lJ ((Ci+size-l..i and dj+size-lj) = 0)^'^^ 
endfor 
G,COMAND,NE: 

for I 0 to 128-size by size 

ah-size-LJ ((Cf+size-I»i and dj+size-lj) ^ 0)s«e 
endfor 
G.COMX: 

for i ^ 0 to 128-size by size 

ai+slze-l..i <- ((rd = rc) 7 (Ci+sjze.i..j < 0) : (dH-size-U < Ci+sjze-I,.i))^'^^ 
endfor 
G.COM.GE; 

for i 0 to 128-size by size 

ai+size-1J ((rd = rc) ? (Cj+size-iJ ^ 0) : (dj+sfze-iJ ^ Cf+size-!j)P^ 
endfor 
G.COM.LU: 

for i <(- 0 to 128-size by size 

ai+size-l.j ^ ((rd = rc) 7 (Cn-size-IJ > 0) : 

((0 II d+sjze.ij)< (0 II Cf,size-IJr'^^ 

endfor 
G.COM.GE.U: 

for i 0 to 128-size by size 

af+size-IJ <- ((rd = rc) 7 {Cnsize-lJ ^ 0) : 

((P I I dMze-Ij) ^(0 11 c^,size-Ij))P^ 

endfor 

endcase 

if (a ?t 0) then 

raise FixedPointArithmetic 

endif 
enddef 
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Exceptions 

Fixed-point arithmetic 
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Group Compare Floating-point 

These operations perform calculations on partitions of bits in two general register values, 
and generate a floating-point arithmetic exception if the condition specified is met. 



Operation codes 



G.COM.E.F.I6 


Group compare equal floating-point half 


G.COM.E.F.16.X 


Group compare equal floating-point half exact 


G.COM.E.F.32 


Group compare equal floating-point single 


G.COM.E.F.32J< 


Group compare equal floating-point single exact 


G.COM.E.F.64 


Group compare equal floating-point double 


G.COM.E.F.64J< 


Group compare equal floating-point double exact 


G.COM.E.F.128 


Group compare equal floating-point quad 


G.COM.E.F.128J< 


Group compare equal floating-point quad exact 


G.COM.GE.F.I6 


Group compare greater or equal floating-point half 


G.COM.GE.F.16J< 


Group compare greater or equal floating-point half exact 


G.COM.GE.F.32 


Group compare greater or equal floating-point single 


G.COM.GE.F.32J< 


Group compare greater or equal floating-point single exact 


G.COM.GE.F.64 


Group compare greater or equal floating-point double 


G.COM.GE.F.64J< 


Group compare greater or equal floating-point double exact 


G.COM.GE.F.128 


Group compare greater or equal floating-point quad 


G.COM.GE.F. 128.x 


Group compare greater or equal floating-point quad exaa 


G.COM.L.F.I6 


Group compare less floating-point half 


G.COM.LF.16.X 


Group compare less floating-point half exact 


G.COM.LF.32 


Group compare less floating-point single 


G.COM.LF.32J( 


Group compare less floating-point single exact 


G.COM.LF.64 


Group compare less floating-point double 


G.COM.L.F.64J< 


Group compare less floating-point double exaa 


G.COM.LF.I28 


Group compare less floating-point quad 


G.COM.LF.I28J< 


Group compare less floating-point quad exact 


G.COM.LG.F.I6 


Group compare less or greater floating-point half 


G.COM.LG.F.16J< 


Group compare less or greater floating-point half exact 


G.COM.LG.F.32 


Group compare less or greater floating-point single 


G.COM.LG.F.32.X 


Group compare less or greater floating-point single exact 


G.COM.LG.F.64 


Group compare less or greater floating-point double 


G.COM.LG.F.64J( 


Group compare less or greater floating-point double exaa 


G.COM.LG.F.I28 


Group compare less or greater floating-point quad 


G.COM.LG.F.I28J< 


Group compare less or greater floating-point quad exaa 
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Equivalencies 



G.COM.C.F.16 


Group compare greater floating-point half 


G.COM.G.F.16J( 


Group compare greater floating-point half exact 


G.COM.G.F.32 


Group compare greater floating-point single 


G.COM.G.F.32.X 


Group compare greater floating-point single exact 


G.COM.G.F.64 


Group compare greater floating-point double 


G.COM.G.F.64X 


Group compare greater floating-point double exact 


G.COM.G.F128 


Group compare greater floating-point quad 


G.COM.G.F.J28J( 


Group compare greater floating-point quad exact 


G.COM.LE.F16 


Group compare less equal floating-point half 


G.COM.LE.F16J< 


Group compare less equal floating-point half exact 


G.COM.LE.F.32 


Group compare less equal floating-point single 


G.COM.LE.F.32J( 


Group compare less equal floating-point single exact 


G.COM.LE.F.64 


Group compare less equal floating-point double 


G.COM.LE.F.64J( 


Group compare less equal floating-point double exact 


G.COM.LEF.128 


Group compare less equal floating-point quad 


G.COM.LEF.128X 


Group compare less equal floating-point quad exact 



G.COM.G.F.prec rd.rc 


-> G.COM.LF.prec rc,rd 


G.COM.G.F.precJ( rd,rc 


G.COM.L.F.precJ< rcjd 


G.COM.LE.F.prec rdjc 


_> G.COM.GE.F.prec rc,rd 


G.COM.LE.F.precJ( rd,rc 


G.COM.GE.F.precJ< rc,rd 



Selection 



class 


op 


cond 


type 


prec 


round/trap 


set 


COM 


E LG L GE G LE 


F 


16 32 64 128 


NONE X 



Format 

G.COM.op.prec.round rd,rc 
rc=gcomopprecround(rd,rc) 

31 24 23 18 17 12 11 65 0 

I G.prec I rd I rc I op I GCOM | 

8 6 6 6 6 

Description 

The contents of registers rd and rc are compared using the specified floating-point 
condition. If the result of the comparison is true for any corresponding pair of elements, a 
floating-point exception is raised. If a rounding option is specified, the operation raises a 
floating-point exception if a floating-point invalid operation occurs. If a rounding option is 
not specified, floating-point exceptions are not raised, and are handled according to the 
default rules of IEEE 754. 
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Definition 

def GroupCompareFloatingPoint(op,prec,round,rd,rc) as 
d <r- RegRead(rd, 128) 
c <- RegRead(rc, 128) 
for i 0 to 1 28-prec by prec 
dr <- F(precd|+prec-|j) 
ci <- F(precci+prec-1,.i) 
if round^tNONE then 

if (dl,t = SNAN) or (cl.t = S^JAN) then 
raise FloaDngPointArithmetic 

endif 

case op of 

G.COM.LF, G.COM.GE.F: 

if (di.t = QNAN) or (cl.t = QNAN) then 
raise FIoatingPointArithmetic 

endif 
others: //nothing 
endcase 

endif 

case op of 

G.COM.LF: 

ai <- di?>ci 
G.COM.GEF: 

ai <- dil7<ci 
G.COM.E.F: 

ai di=ci 
G.COM.LG.F: 

ai <r- dl^ci 

endcase 

^H-prec-lJ ^ 3i 
endfor 

if (a ^ 0) then 

raise FIoatingPointArithmetic 

endif 
enddef 

Exceptions 

Floating-point arithmetic 
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Group Copy Immediate 



This operation copies an immediate value to a general register. 



Operation codes 


G.COPY.1.16 


Group copy Immediate doublet 


G.COPY./.32 


Group signed copy immediate quadlet 


G.COPy.1.64 


Group signed copy Immediate octlet 


G.COPY.I.I28 


Group signed copy Immediate hexlet 


Equivalencies 


G.COPY.1.8 


Group copy Immediate byte 


G.SET 


Group set 


G.ZERO 


Group zero 



G.COPY.1.8 rd=(ij 1 1 ij^ol 


<- 


G.COPY.1.16 rd=(0 1 1 i7..o 1 


1 i7..0) 


G-SET rd 




G.COPY.I.I28 rd=-I 




G.ZERO rd 


<- 


G.COPY.J.128 rd=0 




Redundancies 


G.COPY.I-sIze rd=-I 




G.SET rd 




G.COPY.Lsize rd=0 




G.ZERO rd 





Format 

G.COPY.Lsize rd=i 
rd=gcopyisize(i) 

31 252423 18 171615 0 

I G.COPYJ |s| rd \s\ze\ lmm | 

7 16 2 16 

imm <— I15..0 
Description 

A 128-bit immediate value is produced from the operation code, die size field and the 16-bit 
imm field. The result is placed into register ra. 

Definition 

def GroupCopylmmediate|op,size,rdJmm) as 
s <- opo 
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case size of 
16: 

If s then 

Reservedlnstruction 

endif 

a <- imm I I imm I I Imm I I imm I I Imm 1 1 imm I I imm I I Imm 

32: 

a <- II imm I I s'^ ( i imm I I s^^ | | | | I I imm 

64: 

a <- 5^*3 II imm I I s^® 11 Imm 

128: 

a ^ II 

endcase 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reserved Instrucdon 
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Group Immediate 

These operations take operands from a register and an immediate value, perform operations 
on partitions of bits in the operands, and place the concatenated results in a second register. 



Operation codes 



OVDD.1.16 


Group add immediate doublet 


G>\DD.I.16.0 


Group add immediate signed doublet check overflow 


Gy\DD.I.32 


Group add immediate quadlet 


Gy\DD.I.32.0 


Group add immediate signed quadlet check overflow 


G>\DD.I.64 


Group add immediate octfet 


Gy\DD.I.64.0 


Group add immediate signed octlet check overflow 


G>\DD.I.]28 


Group add immediate hexlet 


G>\DD.I.128.0 


Group add immediate signed hexlet check overflow 


G>\DD.I.U.I6.0 


Group add immediate unsigned doublet check overflow 


G>\DD.I.U.32.0 


Group add immediate unsigned quadlet check overflow 


G>\DD.I.U.64.0 


Group add immediate unsigned octlet check overflow 


G-ADD.I.U.I28.0 


Group add immediate unsigned hexlet check overflow 


GAND.1.16 


Group and immediate doublet 


G>\ND.I.32 


Group and immediate quadlet 


G>\ND.I.64 


Group and immediate octlet 


Gy\ND.I.128 


Group and immediate hexlet 


G.NAND.I.I6 


Group not and immediate doublet 


G.NAND.1.32 


Group not and immediate quadlet 


G.NAND.1.64 


Group not and immediate octlet 


G.NAND.I.I28 


Group not and immediate hexlet 


G.NOR.1.16 


Group not or immediate doublet 


G.NOR.1.32 


Group not or immediate quadlet 


G.NOR.1.64 


Group not or immediate octlet 


G.NOR.I.I28 


Group not or immediate hexlet 


G.OR.1.16 


Group or immediate doublet 


G.OR.1.32 


Group or immediate quadlet 


G.OR.1.64 


Group or immediate octlet 


G.OR./.I28 


Group or iminediate hexlet 


GJ<OR.I.I6 


Group exclusive-or immediate doublet 


GXOR.1.32 


Group exclusive-or immediate quadlet 


GXORAM 


Group exclusive-or immediate octlet 


GJ<OR.I.128 


Group exclusive-or immediate hexlet 
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Equivalencies 



Gy\NDN.I.16 


Group and not immediate doublet 


G>\NDN.I.32 


Group and not immediate quadiet 


G>\NDN.I.64 


Group and not immediate octlet 


Gy\NDN.I.128 


Group and not immediate hexlet 


G.COPY 


Group copy 


G.NOT 


Group not 


G.ORN.1.16 


Group or not immediate doublet 


G.ORN.1.32 


Group or not immediate quadiet 


G.ORN.1.64 


Group or not immediate octlet 


G.ORN.1.128 


Group or not immediate hexlet 


GJ<NOR.I.I6 


Group exclusive-nor immediate doublet 


G^NOR.1.32 


Group exclusive-nor immediate quadiet 


G^NOR.1.64 


Group exclusive-nor immediate octlet 


GJ<NOR.I.128 


Group exclusive-nor immediate hexlet 



GANDN.Lsize rd^rcJmm 


-> 


Gj^D.Lsize rd=rc,-'imm 


aCOPY rd^rc 


<- 


G.ORJ.128 rd=rc,0 


GNOT rd=rc 




G.NOR.I.I28 rd=rcO 


G.ORN.I.size rd=rcimm 




G.OR.Lsize rd=rc,-imm 


GJCNOR.Lsize rd=rcjmm 


-> 


GJ<OR.I.size rd=rc,-imm 


Redundancies 


G>VDD.I.size rd=rc,0 




G.COPY rd=rc 


G>\DDJ.size.O rd=rc,0 


<=> 


G.COPY rdr^rc 


G^VDD.I.U.size.O rd=rc,0 


«> 


G.COPY rd=rc 


GyVND.I.size rd=rc,0 


o 


G.ZERO rd 


G>\ND.I.size rd=rc-l 




G.COPY rd=rc 


G,NAND.I.size rd=rc,0 


<=> 


G.SET rd 


G.NAND.I.size rd=rc-I 


<:> 


G.NOT rd=rc 


G.OR.I.size rd=rc,-I 


<=> 


G.SET rd 


G.NOR.I.size rd=rc,-l 


<=> 


G.ZERO rd 


GXORAsize rd=rc,0 


» 


G.COPY rd=rc 


GJ<OR.I.size rd=rcrl 




G.NOT rd^rc 



Format 

op.size rd=rcjmm 
rd=opsize{rcJmm) 

31 24 23 18 17 12 IHO? 0 

I op I rd I rc | sz | imm | 

8 6 6 2 10 
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Description 

The contents of register re is fetched, and a 128-bit immediate value is produced from the 
operation code, the size field and the 10-bit imm field. The specified operation is performed 
on these operands. The result is placed into register ra. 

Definition 

def Grouplmmediate(op,si2e,rd,rcjmm) as 
c i- RegReadjrc, 128) 
s <- imm9 
case size of 
16: 

i l6 II imm 

b ^ il6 II i16 II i16 II i16 II i16 M 116 It i16 II i16 

32: 

b s22 II imm I I s22 II imm II $22 || imm I I s22 jj imm 

64: 

b <- s^^ 11 imm II s^^ | | imm 

128: 

b ^ s' II imm 

endcase 
case op of 
G>\ND.I: 

a ^ c and b 
G.OR.I: 

a ^ c or b 
G.NAND.I: 

a <- c nand b 
G.NOR.I: 

a ^ c nor b 
GJCOR.I: 

a c xor b 
GADDA: 

for i 0 to 128-size by size 

3i+si2e-l..i ^ Cf+si2e-lJ + b^-size-l..! 
endfor 
GADD.IO: 

for\i-Q to 128-size by size 

t (Ci+size-I I i Cf+size-Lj) + (^i+size-l ' ^ bj+size- 1 ..i) 
if tsize ^ tsize-i then 

raise FixedPointArithmetIc 

endif 

3H-size-1..i ^ tsize-I..O 
endfor 
GJ^DDIU.O: 

for I <- 0 to 1 28-size by size 

t <~ (0> II c^size-lJ + (0' II bj+size-lj) 
if tsize ^ 0 then 

raise FixedPointArithmetic 

endif 
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^H-size-lJ tsi2e-l..O 
endfor 

endcase 

RegWrite|rd, 128, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Group Immediate Reversed 

These operations take operands from a register and an immediate value, perform operations 
on partitions of bits in the operands, and place the concatenated results in a second register. 



Operation codp^ 



GSET>\NDPI lA 


^•Ji \J^^ Cll IVJ C^vfUOi £d U II 1 II 1 1 vTUIdLC Uv/UUlCLj 


GSETANDE122 


GrouD set and eaupil 7Prn immprii^tA nn^rll^fc 


G SETj^ND F I fi4 


GroUD set Pinc\ f^n^i 7prn imnriprliji^f'P nrtlptc 

^1 Vi'^|>' Cii *vj wv^LJOi ^Cl w II 1 II 1 ICUIaLC w/^LJC_Lj 


G SETj^ND F I 1 7fl 


GrouD ^Pt Pind phli^I 7pm immpdt^fp hpyipf 
vji v^ufj cii f u ci^uai £d u iiiiiiicruioLc litrAicri 


G SET^MD MF I I A 


Groun CPf l*IOf P/li i^l 7Pro immpHiato H/M iKli^<-p 


G SET j^MMD NIF 1 ^7 


Groun ^Pf J^nri nof pntij:^! 7Pro immpHiafo /-ii iraHlAfv 
NJIVUJJ JtL CII lU I IWL CTLfLial ^Ci (J niJlilCulalC (JUaCIIcO 


G SET -AND NF 1 A4 


Groiin ^pf ^^nrf nnt pnii.3f 7Pro immpHi^tp rt/'Hot-c 
^1 wuf.^ ai lu 1 iwL cLfLiOl £cri LI II 1 II 1 iCvilclLcr vJCUcU 


G SET^ND NJF 1 1 


GrouD CPf And nnf pniiAl 7Pm immpHinfp HovIa^ 


GSETF 1 lA 


GroLin cpf pniJAl immpdiAfP HniiHfpfc 


G SETF 1 17 


Grrtun ^Pf Pm 1^1 immprti^fp ni iraHlpfc 

wlwW|i^ dCL CL|UCil 11 1 11 1 ICUlOLtr LfUdUlCLj 


G St r F 1 A4 


GrOfin CPf pnii^l trrxrrxt^rWzxfPk rtr-tiofr 
VJl Vi/U^ j^CL CTv^LIOI II 1 II 1 IvTUiaLC ULUCL^ 


G StI F 11 7fl 


wi ^CL C%^UOI II 1 II 1 ICUIOlCr 1 ICAId 


G SET GF 1 1 A 


Grmio CPf nrp^fpr pniiaJ immpHiafo cionia^ iKiAt-r 
^■vufuf <)CL ^1 coLci cwjucii iiiiii idJiaicr ^lUilcCI UOUDicl5 


n SFT r;F 1 ^7 


wiuup ^ci yrcaicr cX|Uoi immcuidte siyncQ c]Udul6tS 


Ct SFT HF 1 A4 


\ji(jup ici ^icciLcr cvfUal irnrncuiaL^ SiQncQ OCucCS 


n SFTr^F 1 1 7ft 


Gfoi m CPf t^r^zkt'^r' poi lal imrvioWist'A 

vjiuup ici c^icdici cLfUdi iiniTicCJiaic oiyricQ ncXiei 


n SFT r?F 1 11 1 A 


v3iuu|j )ci yicaici cCfUal iiiiincQlalc unsiyncu OOUDI61S 


G SFTHF 1 1 1 ^7 


Groi in CPf nrpsfpr pniial irnmoHiato 1 mci^nAH i-^Hir^t-c 
ui ^CL ^1 CalCl ci^Ual irnniCUIaLC UnSiyrlcO C^UaQiclS 


G SET f iF 1 M A4 


Gmi in cpf nrp^fpr poiial immpHiafp imci/^noW r^^t-lAt^r 
jti ^1 caid CTLfuai iiiiiiicriJiaic LJiijluncru OCuClS 


GSETGFIIJ 17ft 


Gmi jn CPf nrp^fpr p/ii i^l immpHiafp 1 mcinnpH HovIa^ 
^1 coLci cw|ucii iiiiiiicuiaLc Uii^iuricu ncAicL 


G str L 1 1 A 


Gmi in CPf cinnpd Ipcc immAHiafo Hmif\lptv 
VJI Awl dl^l ICvl iCaj If 1 II 1 icuioiic UiJUUlcrliS 


fi SF T 1 1^7 


oroup 5cl Sigrica icSS ImmculaCc CjUaulctS 




Group set signed (ess immediate octlets 


o.2>t I .LJ. 1 zo 


Group set signed less immediate hexlet 


/ — c r~p 1 lilt/ 

U.5ET.LI.U. 16 


Group set less immediate signed doublets 


G.SET.LI.U.32 


Group set less Immediate signed quadlets 


G SET L 1 IJ A4 


Groun CPf Ipcc immpdiAfp cinnpri nrflpfc 

VJi Vi/U|iy IC^d IIIIIIICUlCiLC jIUI ICvi UirUvTu 


G.SET.L/.U.128 


Group set less immediate signed hexlet 


G.SET.NE.1. 1 6 


Group set not equal immediate doublets 


G.SET.NE.1.32 


Group set not equal Immediate quadlets 


G.SEr.NE.1.64 


Group set not equal Immediate octlets 


G.SET.NE.1. 128 


Group set not equal immediate hexlet 


G.SUB.1.16 


Group subtract immediate doublet 


G.SUB.I.I6.0 


Group subtract immediate signed doublet check overflow 


G.SUB.1.32 


Group subtract immediate quadlet 


G.SUB.I.32.0 


Group subtrart immediate signed quadlet check overflow 


G.SUB.I.64 


Group subtract immediate octlet 


G.SUB.I.64.0 


Group subtraa immediate signed octlet check overflow 


G.SUB.I.I28 


Group subtraa immedlat hexlet 
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G.SUB.I.I28.0 


Group subtract immediate signed hexlet check overflow 


G.SUB.I.U.I6.0 


Group subtract immediate unsigned doublet check overflow 


G.SUB.I.U.32.0 


Group subtraa immediate unsigned quadlet check overflow 


G.SUB.I.U.64.0 


Group subtraa immediate unsigned octlet check overflow 


G.SUB.I.U.I28.0 


Group subtraa immediate unsigned hexlet check overflow 


Equivalencies 


G.NEG.16 


Group negate doublet 


G.NEG. 16.0 


Group negate signed doublet check overflow 


G.NEG.32 


Group negate quadlet 


G.NEG.32.0 


Group negate signed quadlet check overflow 


G.NEG.64 


Group negate octlet 


G.NEG.64.0 


Group negate signed octlet check overflow 


G.NEG. 128 


Group negate hexlet 


G.NEG. J28.0 


Group negate signed hexlet check overflow 


G.SET.LEL 16 


Group set less equal immediate signed doublets 


G.SET.LE.L32 


Group set less equal immediate signed quadlets 




r^r*^i m co^ locc i3l immoAli^^o ci/moiH />^tlotc 

oroup 5cL ic55 cquai iirirricuiaic ii^ncci ociicu 


G.SET.LE.L 128 


Group set less equal immediate signed hexlet 


G.SET.LELU16 


Group set less equal immediate unsigned doublets 


G.SET.LELU.32 


Group set less equal immediate unsigned quadlets 


G.SET.LE.LU64 


Group set less equal immediate unsigned octlets 


G.SET.LEI.U128 


Group set less equal immediate unsigned hexlet 


GSET.G116 


Group set immediate signed greater doublets 


G.SET.G.L32 


Group set immediate signed greater quadlets 


G.SET.G.1.64 


Group set immediate signed greater octlets 


G.SEr.G.il28 


Group set immediate signed greater hexlet 


G.SET.G1U.16 


Group set greater immediate unsigned doublets 


G.SET.G.I.U.32 


Group set greater immediate unsigned quadlets 


G.SEr.G.I.U.64 


Group set greater immediate unsigned octlets 


G.SET.ai.UJ28 


Group set greater immediate unsigned hexlet 



G.NEG.size rd=rc 


-> 


ASUB.I.si2e rd=0,rc 


G.NEG.size.O rd=rc 




ASUB.r.size.O rd=0,rc 


G.SET.G.Lsize rd=immjc 


-> 


G.SET.GE.I.size rd=imm+ 1 ,rc 


G.SET.G.LU.size rd=immjc 




G.SET.GE.I.U.si2e rd=imm+ 1 ,rc 


G.SET.LElsize rd^immjc 




G.SET.LI.size rd=lmm-I,rc 


G.SET.LEI.Usize rd=imm,rc 




G.SET.U.U.size rd=imm-l,rc 
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Redundancies 



G SET-AND E 1 <ize rd-rc 0 








G SET .AND IMF I ^ize rd-rr 0 


<=> 






G SET -AND E 1 size rd-rr - 1 


<=> 






G.SET^D.NE.I.size rd=rc,-I 


<=> 


G.SET.NEZ.size rd=rc 




G.SET.E.I.size rd=rc,0 


o 


G.SET.E.Z.size rd=rc 




G.SET.GEJ.size rd=rcO 


o 


G.SET.GE.Z.size rd=rc 




G.SET.LI.size rd=rc,0 


<=> 


G.SET.LZ.size rd=rc 




G.SET.NE.I.size rd=rc,0 


<::> 


GSET.NEZ.size rd=rc 




G.SET.GE.I.U.size rd=rc,0 


O 


GSET.GE.U.Zsize rd=rc 




G.SET.LI.U.size rd=rc,0 


O 


GSET.LU.Z.size rd=rc 





Selection 



class 


operation 


cond 


form 


operand 


size 


Check 


arithmetic 


SUB 




i 




16 32 64 128 




NONE U 


16 32 64 128 


O 


boolean 


SET>\ND 
SET 


E 

NE 


1 




16 32 64 128 




SET 


L GE 
G LE 


1 


NONE U 


16 32 64 128 





Format 



op.size rd=imm,rc 
rd=opsize|imm,rc) 

31 2473 18 17 121? 109 0 

I op I rd I rc I sz I Imm j 

8 6 6 2 10 



sz <- log(size)-4 
Description 

The contents of register rc is fetched, and a 128-bit immediate value is produced from the 
operation code, the size field and the 10-bit imm field. The specified operation is performed 
on these operands. The result is placed into register rd. 

Definition 

def GrouplmmedlateReversed(op,size,ra,imm) as 
c RegRead(rc 128) 
s 4- imm9 
case size of 
16: 
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i16 <- I I imm 

b <- 116 I M16 1 i i16 I I 116 1 i j16 I I 116 I 1 i16 1 I il6 

32: 

b s22 II imm II 5^2 tl Imm I I $22 || imm I I s22 || (mm 

64: 

b ^ s^^ I i imm II s^^ II imm 

128: 

b 4- s' II imm 

endcase 
case op of 
GSUBA: 

for i <- 0 to 128-size by size 

«^i+size-1..i ^ bf+jj^e- 1 J - cn-size-IJ 
endfor 
G.SUB.I.O: 

for i <- 0 to 128-size by size 

^ ^ (bf+size-l ' 1 b|+size-l.j) - (Ci+size-1 ^ ' C|+size-lj) 
'^f (tsize tsize-i then 

raise FixedPointArlthmetic 

endif 

«*H-size-I..i ^ ^5126- 1. .0 
endfor 
G.SUB.I.U.O: 

for i 0 to 128-size by size 

t ^ (0» II b^,size-i J - (0' II Cmize-\J 
(tsize 5^ 0 tfien 

raise FixedPointArithmetic 

endif 

3H-size-l..i ^ tsize-I..O 
endfor 
G.SET.EJ: 

for i ^ 0 to 128-size by size 

Sh-size- ^ (bn-size-IJ = Ci+$ize- 1 ..iJ^'^^ 
endfor 
G.SET.NE.I: 

for i <- 0 to 128-size by size 

3i+size-lJ ^ (bf+size-IJ * ^i+size- 1 J^^^ 
endfor 
GSETAND.EA: 

for I ^ 0 to 128-size by size 

ai+size-lJ <- ((bi+size-l..i and ci+size-l.j) = Oj^'^e 
endfor 
G.SETAND.NE.1: 

for i 0 to 128-size by size 

ai*size-lJ <- ((bH-size- IJ and Cj^size-lj) ^ Oj^'ze 
endfor 
GSET.U: 

for i 0 to 128-size by size 

ai+size-lJ ^ (bh-size-IJ < Cj+size-lJ^'^^ 
endfor 
G.SET.GEJ: 

for i <- 0 to 128-size by size 
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^hsize-lJ ^ (bh-size-IJ ^ Cj+size- 1 ..iP^^ 
endfor 
G.SET.LI.U: 

for i 4- 0 to l28-si2e by size 

ai+size-IJ <- ((0 I I bi+size-lJ < (0 I ! Ci+size-I.#'^^ 
endfor 
G.SET.GE.I.U: 

for i <- 0 to 128-si2e by size 

ai+size-IJ ^((0 11 bf^size-i J > |0 I I Cj+size-ulP^^ 
endfor 

endcase 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Group Inplace 

These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in the third register. 



Operation codes 



G>W\.8 


Group add add add bytes 


GAV\.16 


Group add add add doublets 


G>WV32 


Group add add add quadlets 


GyW\.64 


Group add add add octlets 


G>WV128 


Group add add add hexlet 


GASA.8 


Group add subtract add bytes 


Gj^SA16 


Group add subtract add doublets 


Gj^32 


Group add subtract add quadlets 


GASA.64 


Group add subtract add octlets 


GASA.128 


Group add subtract add hexlet 


Equivalencies 


GAAS.8 


Group add add subtract bytes 


GAASJ6 


Group add add subtract doublets 


GAAS32 


Group add add subtract quadlets 


GAAS.64 


Group add add subtract octlets 


GAAS. 128 


Group add add subtract hexlet 




1 GAAS.size rd@rcjb 


^ G>\SA.size rd@rb,rc | 


Redundancies 


GAV\.size rd®rc,rc 


<=> G.SHLI-ADD.size rd=rd/cj 


G>\SAsize rd@rcjc 


<:> GNOP 


Format 




G.op.sizerd®rc,rb 




rd=gopsi2e|rd,rc/b) 




31 24 23 


18 17 12 11 6 5 0 


1 G.size 1 


rd 1 rc 1 rb | op 1 


8 


6 6 6 6 


Description 





The contents of registers rd, rc and rb are fetched. The specified operation is performed on 
these operands. The resxilt is placed into register rd. 
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Register rd is both a source and destination of this instruction. 
Definition 

def Grouplnplace(op,size,rd,rc,rb) as 
d <- RegRead(rd, 128) 
c RegReadfrc 128) 
b <- RegRead(rb, 128) 
for i ^ 0 to 128-size by size 
case op of 
GAV\: 

3i+size-IJ ^ + ^i+size-IJ + ^t+slze-IJ bn-size-lJ 
G>\SA: 

3|+size-IJ ^ t^H-size-lJ * Cn-size-IJ + bi+sj^e-lj 

endcase 
endfor 

RegWritefrd, 128, a) 
enddef 

Exceptions 

none 
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Group Reversed 

These operations take two values from registers, perform operations on partitions of bits in 
the operands, and place the concatenated results in a register. 



Operation code^ 



G SET AND E ft 


oiuufj Set ana gc\u3\ zero Dyces 


G SET AND F ]f% 


oiuup icL dnu equal zero GOUDieLS 


G SET AND F 17 


oiuup set anu ec|uai zero cjuaaieLS 


G SETj^D F A4 


vjruu|j set ana ecfuai zero ociiecs 


G SET AND F 1 7ft 


oruup set ana equal zero nexieL 


G SET -AND MF ft 


vjioup set ana noi equal zero Dyies 


G SET AND MF 1 A 


oroup set ano not equdi zero aouDiets 


G SET7\Nin NIF 17 


uluup set ana not equal zero quaaicts 


G SET .AND MF A4 


oroup set ana not equal zero octiets 


G SFT AMD MF 1 7ft 


uroup set anci not equal zero nexiet 


G SFT F ft 


vjroup set equal Dytes 


G SET F 1 A 


oroup set equal uouDieis 


G SFTF 17 


oroup Set equal quauiets 


G SFTF A4 


oruup set equal ocuets 


G KFl F 1 7ft 


oroup set equal nexiet 


G St I GF ft 


oroup set grearer equdi signeci Dytes 


G SFT f^F 1 A 


oroup set greater equal signed ciouolets 


G SF r r;F i7 


oroup Set greater equal signeci quaaiets 


G SF 1 r^F A4. 


oroup set greater equal signed octlets 


G SF r HP 1 7n 


oroup set greater equal signed nexiet 


G SFT 1 i ft 


oroup set greater equal unsigned oytes 


G SFTfiF IMA 


oroup set greater equal unsigned doublets 


G SFT r^F 1 1 17 


Group set greater equal unsigned quadlets 


n ^FT /^P f 1 


Group set greater equal unsigned octlets 


O.oCl .OC.U. 1 zo 


Group set greater equal unsigned hexlet 


Ct ^FT I ft 

VJ.oC 1 .L..O 


oroup set signed less Dytes 


G.SET.LI6 


Group set signed less doublets 


G.SET.L32 


Group set signed less quadlets 


G.SET.L64 


Group set signed less octlets 


G.SET.L128 


Group set signed less hexlet 


G.SET.LU.8 


Group set less unsigned bytes 


G.SEr.LU.I6 


Group set less unsigned doublets 


G.SET.LU.32 


Group set less unsigned quadlets 


G.SET.LU.64 


Group set less unsigned octlets 


G.SET.LU.I28 


Group set less unsigned hexlet 


G.SEr.NE.8 


Group set not equal bytes 


G.SET.NE. 16 


Group set not equal doublets 


G.SET.NE.32 


Group set not equal quadlets 


G.SEr.NE.64 


Group set not equal octlets 
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G.SET.NE. 1 28 


Group set not equal hexlet 


G.SUB.8 


Group subtract bytes 


G.SUB.8.0 


Group subtraa signed bytes check overflow 


G.SUB. 1 6 


Group subtract doublets 


G.SUB. 16.0 


Group subtract signed doublets check overflow 


G.SUB.32 


Group subtract quadlets 


G.SUB.32.0 


Group subtract signed quadlets check overflow 


G.SUB.64 


Group subtract octlets 


G.SUB.64.0 


Group subtract signed octlets check overflow 


G.SUB, 128 


Group subtract hexlet 


G.SUB. 128.0 


Group subtract signed hexlet check overflow 


G.SUB.L8 


Group subtract limit signed bytes 


G.SUB.LI6 


Group subtract limit signed doublets 


G.SUB.L32 


Group subtract limit signed quadlets 


G.SUB.L.64 


Group subtract limit signed octlets 


G.SUB.LI28 


Group subtract limit signed hexlet 


G.SUB.LU.8 


Group subtract limit unsigned bytes 


G.SUB.LU.16 


Group subtract limit unsigned doublets 


G.SUB.LU.32 


Group subtract limit unsigned quadlets 


G.SUB.LU.64 


Group subtract limit unsigned octlets 


ct io 1111 

G.5UB.LU. 1 28 


Group subtract limit unsigned hexlet 


G.SUB.U.8.0 


Group subtract unsigned bytes check overflow 


G.SUB.U.I6.0 


Group subtract unsigned doublets check overflow 


G.SUB.U.32.0 


Group subtract unsigned quadlets check overflow 


G.SUB.U.64.0 


Group subtract unsigned octlets check overflow 


G.SUB.U.128.0 


Group subtract unsigned hexlet check overflow 
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EQuivalencies 



G.SET.E.Z.8 


Group set equal zero bytes 


G.SET.E.Z.16 


Group set equal zero doublets 


G.SET.EZ.32 


Group set equal zero quadlets 


G.SET.E.Z.64 


Group set equal zero octlets 


G.SET.E.Z.128 


Group set equal zero hexlet 


G.SET.G.Z.8 


Group set greater zero signed bytes 


G.SET.G.Z. 16 


Group set greater zero signed doublets 


G.SET.G.Z.32 


Group set greater zero signed quadlets 


G.SET.C.Z.64 


Group set greater zero signed octlets 


G.SET.G.Z. 128 


Group set greater zero signed hexlet 


G.SET.GE.Z.8 


Group set greater equal zero signed bytes 


G.SET.GE.Z16 


Group set greater equal zero signed doublets 


G.SEr.GE.Z.32 


Group set greater equal zero signed quadlets 


G.SET.GE.Z.64 


Group set greater equal zero signed octlets 


G.SET.GE.Z.128 


Group set greater equal zero signed hexlet 


G.SEr.LZ.8 


Group set less zero signed bytes 


G.SET.LZ.16 


Group set less zero sighed doublets 


G.SET.LZ.32 


Group set less zero signed quadlets 


G.SET.LZ64 


Group set less zero signed octlets 


G.SET.LZ. 128 


Group set less zero signed hexlet 


G.SET.LE.Z.8 


Group set less equal zero signed bytes 


G.SET.LE.Z. 16 


Group set less equal zero signed doublets 


G.SET.LEZ.32 


Group set less equal zero signed quadlets 


G.SET.LE.Z.64 


Group set less equal zero signed octlets 


G.SET.LE.Z. 128 


Group set less equal zero signed hexlet 


G.SET.NE.Z.8 


Group set not equal zero bytes 


G.SET.NE.ZI6 


Group set not equal zero doublets 


G.SET.NE.Z.32 


Group set not equal zero quadlets 


G.SET.NE.Z.64 


Group set not equal zero ortlets 


G.SET.NE.Z. 128 


Group set not equal zero hexlet 


G.SET.LE.8 


Group set less equal signed bytes 


G.SET.LE16 


Group set less equal signed doublets 


G.SEr.LE.32 


Group set less equal signed quadlets 


G.SET.LE.64 


Group, set less equal signed octlets 


G.SET.LE. 128 


Group set less equal signed hexlet 


G.SET.LE.U.8 


Group set less equal unsigned bytes 


G.SET.LE.ai6 


Group set less equal unsigned doublets 


G.SET.LE.U.32 


Group set less equal unsigned quadlets 


G.SET.LE.U.64 


Group set less equal unsigned octlets 


G.SEr.LE.U. 128 


Group set less equal unsigned hexlet 


G.SET.G.8 


Group set signed greater bytes 


G.SET.G.16 


Group set signed greater doublets 


G.SEr.G.32 


Group set signed greater quadlets 


G.SET.G.64 


Group set signed greater octlets 
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Cj.it/. 0. 1^8 


Group set signed greater hexlet 


G.SET.G.U.8 


Group set greater unsigned bytes 


G.SET.G.U.I6 


Group set greater unsigned doublets 


G.SET.G.U32 


Group set greater unsigned quadlets 


G.SEr.G.U.64 


Group set greater unsigned octlets 


G.SET.aU.J28 


Group set greater unsigned hexlet 



G.SET,E.Zsize rd=rc 


<- 


G.SETAND.E.size rd=rc,rc 


GSET:G.Z.size rd=rc 


<= 


G.SET.LU.size rd=rc/c 


GSET.GE.Z.size rd=rc 


<= 


G.SET.GE.size rd=rc,rc 


G,SETl.Zsize rd^rc 


<= 


G.SET.Lsize rd=rc,rc 


GSET.LEZsize rd=rc 




G.SET.GE.U.size rd=rc,rc 


GSET.NEZsize rd==rc 




G.SET^MSID.NE.size rd=rc,rc 


G,SET.G.size rd=rb,rc 




G.SET.Lsize rd=rc,rb 


GSET.G.Usize rd=rbjc 


-> 


G.SET.LU.size rd=:rcrb 


G.SET.LE.size rd=rbjc 




G.SET.GE.size rd=rc,rb 


GSETlEUsize rd=rb,rc 


-> 


G.SET.GE.U.size rd=rc,rb 


Redundancies 


G.SET.E.size rd=rc,rc 




G.SET rd 


G.SET.NE.si2e rd=rc,rc 


<=> 


GZERO rd 


G.SUB.size rd=rc,rc 


<» 


GZERO rd 


CSUB.Lsize rd=rcrc 


<=> 


GZERO rd 


G.SUB.LU.si2e rd=rc,rc 




GZERO rd 


G.SUB.size.O rd=rcrc 


o 


GZERO rd 


G.SUB.U.size.O rd=rc,rc 


<=> 


GZERO rd 



Selection 



class 


operation 


conci 


operand 


size 


check 


arithmetic 


SUB 






8 16 32 64 128 




noneU 


8 16 32 64 128 


O 


SUB.L 




noneU 


8 16 32 64 128 




boolean 


SET 


E 

NE 




8 16 32 64 128 




SET 


L GE 
G LE 


noneU 


8 16 32 64 128 




557 


G GE 
L LE 


Z 


8 16 32 64 128 
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Format 

G.op.si2erd=rb,rc 
rd=gopsize(rb,rc) 

31 24 23 18 17 12 I 1 65 0 

I G,slze I rd I rc I rb t op I 

8 6 6 6 6 

Description 

Two values are taken from the contents of registers rc and rb. The specified operation is 
performed, and the result is placed in register rd. 

Definition 

def GroupReversed|op,si2e,rd,rcrb) 
c ^ RegRead(rc 128) 
b <- RegReadfrb, 128) 
case op of 
G.SUB: 

for j ^ 0 to 128-size by size 

3i+size-1..i ^ ^h-size-h.l ' ^i+size-IJ 
endfor 
G.SUB.L 

for i 4- 0 to 128-size by size 

^ ^ (bh-size-l I I b|+size-lj) " (Cr+size-1 ^ ^ Cj+size-l-.i) 

<»l+size-l..i <- (tsize hize-l) ? Ihize II ^lill^l) • tsize-1..0 
endfor 
G.SUB.LU: 

for i ^ 0 to 128-size by size 

t ^ |0» II bt+size-l..i) - II CHsize-Ij) 

aj+size-lJ ^ lUize ^0)7 (fi^^: ts,ze-I..O 
endfor 
G.SUB.O: 

for i 0 to 128-size by size 

t ^ |t>ffsize-l I I bj+size-l..i) - |C|+size-l I 1 Cj+size-lJ 
if (tsize ^ ^size-t) then 

raise FixedPointArithmetic 

endif 

«»i+size-I..I ^ tsize- 1. .0 
endfor 
G.SUB.U,0: 

for i 0 to 12d-size by size 

t ^ (0' II b^size-l J - (0' 11 Ci+size-lj) 
i^ (tsize ^ 0) then 

raise FixedPointArithmetic 

endlf 

^'i+size-IJ ^ tsize- 1. .0 
endfor 
G.SET.E: 
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for i <- 0 to 1 28-size by size 

^hs\ze-]J ^ (bf+size-IJ = Cj+size- 1 ..iP^® 
endfor 
G.SET.NE: 

for i ^ 0 to 1 28-size by size 

ai+size-l..i {^hsize')J ^ Cj+size- 1 ..i)^'^^ 
endfor 
CSETj^ND.E: 

for i ^ 0 to 128-size by size 

an-size-IJ ((bi+size-lJ and Cj+sjze-I..j) = Oj^'^e 
endfor 
G.SETAND.NE: 

for i ^ 0 to 128-size by size 

an-size- IJ <- ((bi+size-IJ and Ch-size-IJ) ^ Opze 
endfor 
G.SET.L: 

for i <- 0 to 128-size by size 

ai+size- IJ <- lire = rb) ? (bj+size-I.J < 0) : (bj+size-IJ < cj+s,ze- IJ))^'^® 
endfor 
G.SET.GE: 

for 1 ^ 0 to 128-size by size 

ai+size-IJ ((rc = rb) ? (bi+size-iJ ^ 0) : {bn-size-lJ ^ c^^size-l..i))^'^^ 
endfor 
G.SET.LU: 

for I 0 to 128-size by size 

s^hiize-}J ((rc = rb) ? (bH-size-l..i > 0) : 

((0 I 1 bi+size-l..i) < (0 I I Ci+size-lJ)P^^ 

endfor 
G.SET.GE.U: 

for i <- 0 to 128-size by size 

affsize-IJ l(rc = rb) ? (b^size-lJ ^ 0) : 

((0 I I b^size-lJ ^(011 Cj^size-lj)))^*'^ 

endfor 

endcase 

RegWritefrd, 128, a) 
enddef 

Exceptions 

Fixed-point arithmetic 
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Group Reversed Floating-point 

These operations take two values from registers, perform a group of floating-point 
arithmetic operations on partitions of bits in the operands, and place die concatenated 
results in a register. 



Operation codes 



G.SET.E.F.16 


Group set equal floating-point half 


G.SET.E.F.16.X 


Group set equal floating-point half exart 


G.SET.E.F.32 


Group set equal floating-point single 


G.SEr.E.F.32.X 


Group set equal floating-point single exact 


G.SEr.E.F.64 


Group set equal floating-point double 


G.SET.E.F.64.X 


Group set equal floating-point double exaa 


G.SET.E.F.128 


Group set equal floating-point quad 


G.SET.E.F.128J< 


Group set equal floating-point quad exact 


G.SET.GE.F.16J< 


Group set greater equal floating-point half exact 


G.SET.GE.F.32J< 


Group set greater equal floating-point single exact 


G.SET.GE.F.64J< 


Group set greater equal floating-point double exact 


G.SET.GE.F.I28J< 


Group set greater equal floating-point quad exact 


G.SET.LG.F.I6 


Group set less greater floating-point half 


G.SET.LG.F.16J< 


Group set less greater floating-point half exact 


G.SET.LG.F.32 


Groiip set less greater floating-point single 


G.SET.LG.F.32J< 


Group set less greater floating-point single exact 


G.SET.LG.F.64 


Group set less greater floating-point double 


G.SET.LG.F.64J< 


Group set less greater floating-point double exart 


G.SET.LG.F.128 


Group set less greater floating-point quad 


G.SET.LG.F.I28J< 


Group set less greater floating-point quad exact 


G.SET.LF.I6 


Group set less floating-point half 


G.SEr.LF.I6.X 


Group set less floating-point half exact 


G.SEr.LF.32 


Group set less floating-point single 


G.SET.LF.32J< 


Group set less floating-point single exart 


G.SET.LF.64 


Group set less floating-point double 


G.SET.LF.64^ 


Group set less floating-point double exart 


G.SET.LF.128 


Group set less floating-point quad 


G.SET.LF.I28J< 


Group set less floating-point quad exact 


G.SEr.GE.F.16 


Group set greater equal floating-point half 


G.SEr.GE.F.32 


Group set greater equal floating-point single 


G.SET.GE.F.64 


Group set greater equal floating-point double 


G.SET.GE.F.128 


Group set greater equal floating-point quad 
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EQuivatencies 



GSET.LER16,X 


Group set less equal floating-point half exact 


GSET,LE,F32.X 


Group set less equal floating-point single exact 


GSET1EE64,X 


Group set less equal floating-point double exact 


OSET.LER 128J( 


Group set less equal floating-point quad exact 


GSET.G.F.16 


Group set greater floating-point half 


GSET,G.E16.X 


Group set greater floating-point half exact 


GSET.G.E32 


Group set greater floating-point single 


GSET.aF.32.X 


Group set greater floating-point single exact 


G.SET,G.E64 


Group set greater floating-point double 


GSET.G.F,64.X 


Group set greater floating-point double exact 


GSET.G.F 128 


Group set greater floating-point quad 


GSET,G,FI28J( 


Group set greater floating-point quad exact 


GSET1EF16 


Group set less equal floating-point half 


G.SET.LEF32 


Group set less equal floating-point single 


G.SET.LEF64 


Group set less equal floating-point double 


GSETIEF 128 


Group set less equal floating-point quad 





GSET.G.F.prec rd=rbjc 


G.SET.LF.prec rd=rcrb 


G.SET.G.F.precJC rd=rb,rc 


-> G.SET.LF.prec.X rd=rc,rb 


GSET.LEFprec rd=rbjc 


^ G.SET.GE.F.prec rd=rcrb 


GSETlEFprecJC rd=rb,rc 


-> G.SET.GE.F.prec^ rd=rc,rb 



Selection 



class 


op 


prec 


round/trap 


set 


SET. 
E LG 
L GE 
G LE 


16 32 64 128 


NONE X 



Format 

G.op.prec.round rd=rbjc 
rc=gopprecround(rb,ra) 

3J 24 23 18 17 12 II 65 0 

I G-prec I rd I rc I rb I op,round | 

8 6 6 6 6 

Description 

The contents of registers ra and rb are combined using the specified floating-point 
operation. The result is placed in register rc. The operation is rounded using the specified 
rounding option or using round-to-nearest if not specified. If a rounding option is specified, 
the operation raises a floating-point exception if a floating-point invalid operation, divide by 



-177- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Group Reversed Floating-point 



zero, overflow, or underflow occurs, or when specified, if the result is inexact If a rounding 
option is not specified, floating-point exceptions are not raised, and are handled according to 
die default rules of IEEE 754. 

Definition 

def GroupFloatingPointReversed(op,prec.round/d/crb) as 
c ^ RegRead(rc, 128) 
b ^ RegReadfrb, 128) 
for i <- 0 to 128-prec by prec 
ci F(preccH.prec-lj) 
bi F(prec,b^+prec-lJ) 
if round^tNONE then 

if (di.t = SISIAN) or (ci.t = SNAN) then 
raise RoatingPointArithmetic 

endif 

case op of 

G.SET.LF. G.SET.GE.F: 

if (di.t = QNAN) or (ci.t = QNAN) then 
raise FloatingPointArithmetic 

endif 
others: //nothing 
endcase 

endif 

case op of 

G.SET.LF: 

al <- bl7>cl 
G.SET.GE.F: 

ar ^ bil?<cl 
G.SET.E.F: 

ai ^ bi=ci 
G.SET.LG.F: 

al 4- bi;tci 

endcase 

3|+prec-I..i ^ 3i 
endfor 

RegV(/rlte(rd, 128, a) 
enddef 

Exceptions 

Floating-point arithmetic 
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Group Shift Left Immediate Add 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



G.SHLI^D.8 


Group shift left immediate add bytes 


G.SHLI>\DD. 1 6 


Group shift left immediate add doublets 


G.SHLI>\DD.32 


Group shift left immediate add quadlets 


G.SHLI>\DD.64 


Group shift left immediate add octlets 


G.SHU>\DD.I28 


Group shift left immediate add hexlet 


Redundancies 



I GSHUADD.size rd=rd,rc, 1 <=> G AV\.size rdQrcrc 



Format 

G.bp.sizerd=rc,rbJ 
rd=gopsi2e|rc,rbj) 

31 24 23 18 17 12 11 6 5 21 0 

I G.slze I rd | rc | rb |gshliadd| | 
8 6 6 6 6 2 

assert I<i<4 
sh 4- i-I 

Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specifled. Partitions of the contents of register rb are shifted left by the amount specified in 
the immediate field and added to partitions of the contents of register rc, yielding a group of 
results, each of which is the size specified. Overflows are ignored, and yield modular 
arithmetic results. The group of results is catenated and placed in register rd. 

Definition 

def GroupShiftLeftlmmedlateAdd(sh.si2e,ra,rb,rc) 
c <r- RegRead|rc 128) 
b ^ RegRead(rb, 128) 
for i 0 to 128-size by size 

aj+size-lJ ^ cj+size-lJ + (bj+size-I-shJ ' I 0^*^*^) 
endfor 

RegWrite(rd, 128, a) 
enddef 
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Group Shift Left Immediate Subtract 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



G.SHLI.SUB.8 


Group shift left immediate subtract bytes 


G.SHLI.SUB.16 


Group shift left immediate subtract doublets 


G.SHLI.SUB.32 


Group shift left immediate subtract quadlets 


G.SHLI.SUB.64 


Group shift left immediate subtract octlets 


G.SHU.SUB.I28 


Group shift left immediate subtract hexlet 



Redundancies 

|G.SHU,SUB.size rd=rcj/c ^ G.COPY rd^ 



Fornnat 

G.op.sizerd=rbJ,rc 
rd=gopsize|rb,i,rc) 

31 24 23 18 17 12 11 65 21 0 

I G,slze I rd I rc I rb j gsh'-'s^b | sh | 

8 6 6 6 6 2 

assert l<i<4 
sh <r- i-I 

Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified. Partitions of the contents of register rc are subtracted from partitions of the 
contents of register rb shifted left by the amovint specified in the immediate field, yielding a 
group of results, each of which is the size specified. Overflows are ignored, and yield 
modular arithmetic results. The group of results is catenated and placed in register rd. 

Definition 

def GroupShiftLeftlmmediateSubtraa(sh,size,ra/b,rc) 
c RegRead|rc, 128) 
b ^ RegReadfrb, 128) 
for i <- 0 to I28-si2e by size 

affslze-IJ <~ (bh-size-l-shJ I I 0^+^^) - Chsize-].A 
endfor 

RegWriteJra 128, a) 
enddef 
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Group Subtract Halve 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



n CI ID LJ O 


Group subtract halve signed bytes ceiling 


f CI ID I 1 o r* 


Group subtract halve signed bytes floor 


CI ID 1_| O K 1 

(j.SUB.n.o.N 


Group subtract halve signed bytes nearest 


CI ID 1 J r> ^ 


Group subtract halve signed bytes zero 


CI ID 1 1 1 / 

G.SUB.H. I 6.C 


Group subtract halve signed doublets ceiling 


CI 1 r> I 1 1 / r~ 

G.SUB.H. 1 6.F 


Group subtract halve signed doublets floor 


/™ CI ID LJ 1 Z. Kl 


Group subtract halve signed doublets nearest 


CI ir> 1 1 t ✓ ^ 

G.SUB.H. 1 6.Z 


Group subtract halve signed doublets zero 


/~ c 1 ID 1 r "> —» A" 

G.SUB.H.32.C 


Group subtract halve signed guadlets ceiling 


G.SUB.H.32.F 


Group subtract halve signed guadlets floor 


G.SUB.H.32.N 


Group subtract halve signed guadlets nearest 


CI in 1 1 ">"^ ^ 

G.SUB.H.32.Z 


Group subtract halve signed guadlets zero 


^* CI lO 1 1 / >• ^ 

G.SUB.H.64.C 


Group subtract halve signed octlets ceiling 


^ CI m I t f jt r 

G.SUB.H.64.F 


Group subtract halve signed octlets floor 


G.SUB.H.64.N 


Group subtract halve signed octlets nearest 


G.SUB.H.64.Z 


Group subtract halve signed octlets zero 


CI 1 CI 111 ^ 

G.SUB.H. 1 28.C 


Group subtract halve signed hexlet ceiling 


ci m lit ^ 

G.SUB.H. 1 28.F 


Group subtract halve signed hexlet floor 


^™ c 1 1 n i 1 1 n K 1 

G.SUB.H. 1 28.N 


Group subtract halve signed hexlet nearest 


^™ CI in 111 ^ f\ ^ 

G.SUB.H. 1 28.Z 


Group subtract halve signed hexlet zero 


CI in 1 1 1 i n ^ 

G.SUB.H.U.8.C 


Group subtract halve unsigned bytes ceiling 


CI in 1 ■ 1 • A ^ 

G.SUB.H.U.8.F 


Group subtract halve unsigned bytes floor 


G.SUB.H.U.8.N 


Group subtract halve unsigned bytes nearest 


G.SUB.H.U.8.Z 


Group subtract halve unsigned bytes zero 


CI in ■ I 1 • % f 

G.SUB.H.U. 1 6.C 


Group subtract halve unsigned doublets ceiling 


G.SUB.H.U. 16.F 


Group subtract halve unsigned doublets floor 


r: ^NR M 1 1 1 A Nl 
vj.ouD.n.u, 1 o.i\i 


oroup suDiracr naive unsigned aouDiets nearest 


G.SUB.H.U.16.Z 


Group subtract halve unsigned doublets zero 


G.SUB.H.U.32.C 


Group subtract halve unsigned guadlets ceiling 


G.SUB.H.U.32.F 


Group subtract halve unsigned guadlets floor 


G.SUB.H.U.32.N 


Group subtract halve unsigned guadlets nearest 


G.SUB.H.U.32.Z 


Group subtract halve unsigned guadlets zero 


G.SUB.H.U.64.C 


Group subtract halve unsigned octlets ceiling 


G.SUB.H.U.64.F 


Group subtract halve unsigned octlets floor 


G.SUB.H.U.64.N 


Group subtract halve unsigned octlets nearest 


G.SUB.H.U.64.Z 


Group subtract halve unsigned octlets zero 


G.SUB.H.U.128.C 


Group subtract halve unsigned hexlet ceiling 


G.SUB.H.U.I28.F 


Group subtract halve unsigned hexlet floor 


G.SUB.H.U.J28.N 


Group subtract halve unsigned hexlet nearest 
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G.SUB.H.U.128.Z [Group subtract halve unsigned hexlet zero | 



Redundancies 



G.SUB.H.size.rnd rd=rc/c 


<=> 


G.ZERO rd 






G.SUB.H.U.si2e.rnd rd=rc,rc 


> w 


G.ZERO rd 






Format 

G.op.si2e.rnd rd=rb,rc 
rd=gopsizernd(rb,rc) 

31 24 23 


18 17 


12 II 


6 5 


21 0 


1 G.size 1 rd 


1 


rc 1 rb 


1 op 


wmm 


8 6 




6 6 


4 


2 



Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified and subtracted, halved, rounded and limited as specified, yielding a group of 
results, each of which is the size specified. The group of results is catenated and placed in 
register rd. 

The result of this operation is always signed, whether the operands are signed or unsigned. 
Definition 

def GroupSubtractHalve(op/nd.size,rd/c,rb) 
c <- RegRead(rc 128) 
b 4- RegRead(rb 128) 
case op of 

G.SUB.H.C G.SUB.H.F, G.SUB.H.N, G.SUB.H.Z: 

as <- cs <- bs ^ I 
G.SUB.H.U.C G.SUB.H.U.F. G.SUB.H.U.N, G.SUB.H.U.Z 

as <- I 

cs bs ^ 0 

endcase 

for i 0 to 128-size by size 

p ^ ((bs and bjize-i) I I bsize-l+i..iJ - l(cs and Cjize-i) I I Cjize-l+Ll) 
case rnd of 
none, N: 

s OS«ze J I -pi 

2: 

s O^'ze , , p^.^^ 

F: 
C: 

s 05«ze I I 1 > 

endcase 
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V |(a$ & psize)! Ip) + (01 Is) 
if Vsize+i = (as & Vs\ze] then 
3size-I+Li ^ Vsj^e..! 

else 

asize-1+U ^ as 7 (Vjizef i I I -v|ji|;\) : I^ize 

endif 
endfor 

RegWrite(ra 128, a| 
enddef 

Exceptions 

none 
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Group Ternary 

These operations take three values from registers, perform a group of calculations on 
partitions of bits of the operands and place the catenated results in a fourth register. 



Operation codes 



1 G.MUX 


Group multiplex 


1 


Redundancies 


G.MUX ra=rd,rc,rc 


<=> 


G.COPY ra=rc 


G.MUX ra=ra,rc,rb 


<=> 


G.BOOLEAN ra®rc,rb,Ox 1 1 00 1 0 1 0 


G.MUX ra=rd,ra,rb 




G.BOOLEAN ra@rd,rb,Ox 1 1 1 000 1 0 


G.MUX ra=rd,rcra 


<=> 


G.BOOLEAN ra@rd.rc,0xl 1011000 


G.MUX ra=rd,rd,rb 


<=> 


G.OR ra=rd.rb 


G.MUX ra=rd,rc,rd 


o 


G/JVJD ra=rd,rc 



Format 

G.MUX ra=rd,rc,rb 
ra=gmux(rd,rc,rb) 

31 24 23 18 17 12 11 6 5 0 

I G.MUX 1 rd I rc I rb I ra I 
8 6 6 6 6 

Description 

The contents of registers rd, rc, and rb are fetched. Each bit of the result is equal to the 
corresponding bit of rc, if the corresponding bit of rd is set, otherwise it is the 
corresponding bit of rb. The result is placed into register ra. 

Definition 

def GroupTernary(op,size,rcJ,rcrb,ra) as 
d RegReadfrd, 128) 
c 4- RegReadfrc, 128) 
b ^ RegRead(rb, 128) 
case op of 
G.MUX: 

a 4- (c and d) or (b and not d) 

endcase 

RegWrltefra. 128, a) 
enddef 

Exceptions 

none 
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Crossbar 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



X.COMPRESS.2 


Crossbar compress signed pecks 


X.COMPRESS.4 


Crossbar compress signed nibbles 


X.COMPRESS.8 


Crossbar compress signed bytes 


X.COMPRESS.I6 


Crossbar compress signed doublets 


X.COMPRESS.32 


Crossbar compress signed quadlets 


X.COMPRESS.64 


Crossbar compress signed oalets 


X.COMPRESS.I28 


Crossbar compress signed hexlet 


X.COMPRESS.U.2 


Crossbar compress unsigned peclcs 


X.COMPRESS.U.4 


Crossbar compress unsigned nibbles 


X.COMPRESS.U.8 


Crossbar compress unsigned bytes 


X.COMPRESS.U.16 


Crossbar compress unsigned doublets 


X.COMPRESS.U.32 


Crossbar compress unsigned quadlets 


X.COMPRESS.U.64 


Crossbar compress unsigned octlets 


X.COMPRESS.U.I28 


Crossbar compress unsigned hexlet 


X.EXPAND.2 


Crossbar expand signed pecks 


X.EXPAND.4 


Crossbar expand signed nibbles 


X.EXPAND.8 


Crossbar expand signed bytes 


X.EXPAND.I6 


Crossbar expand signed doublets- 


X.EXPAND.32 


Crossbar expand signed quadlets 


X.EXRAND.64 


Crossbar expand signed octlets 


X.EXPAND.I28 


Crossbar expand signed hexlet 


X.EXPAND.U.2 


Crossbar expand unsigned pecks 


X.EXPAND.U.4 


Crossbar expand unsigned nibbles 


X.EXPAND.U.8 


Crossbar expand unsigned bytes 


X.EXPAND.U.I6 


Crossbar expand unsigned doublets 


X.EXPAND.U.32 


Crossbar expand unsigned quadlets 


X.EXP/\ND.U.64 


Crossbar expand unsigned octlets 


A.tArAJXiU.U. 1 Zo 


^ru^^Uai cxpanci uriji^iicu ricAici 


X.ROTL2 


Crossbar rotate left pecks 


X.ROTL4 


Crossbar rotate left nibbles 


X.ROTL8 


Crossbar rotate left bytes 


X.ROTL16 


Crossbar rotate left doublets 


X.ROTL32 


Crossbar rotate left quadlets 


X.ROTL64 


Crossbar rotate left octlets 


X.ROTL128 


Crossbar rotate left hexlet 


XROTR.2 


Crossbar rotate right pecks 


X.ROTR.4 


Crossbar rotate right nibbles 


X.ROTR.8 


Crossbar rotate right bytes 


X.ROTR.16 


Crossbar rotate right doublets 


X.ROTR.32 


Crossbar rotate right quadlets 
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X.ROTR.64 


Crossbar rotate right octlets 


X.ROTR.I28 


Crossbar rotate right hexlet 


X.SHL2 


Crossbar shift left pecks 


X.SHL2.0 


Crossbar shift left signed pecks check overflow 


X.SHL4 


Crossbar shift left nibbles 


X.SHL4.0 


Crossbar shift left signed nibbles check overflow 


X.SHL8 


Crossbar shift left bytes 


X.SHL8.0 


Crossbar shift left signed bytes check overflow 


X.SHLI6 


Crossbar shift left doublets 


X.SHL 1 6.0 


Crossbar shift left signed doublets check overflow 


X.SHL32 


Crossbar shift left quadlets 


X.SHL32.0 


Crossbar shift left signed quadlets check overflow 


X.SHL64 


Crossbar shift left octlets 


X.SHL64.0 


Crossbar shift left signed octlets check overflow 


X.SHL. 1 28 


Crossbar shift left hexlet 


X.SHL 1 28.0 


Crossbar shift left signed hexlet check overflow 


X.SHLU.2.0 


Crossbar shift left unsigned pecks check overflow 


X.SHL.U.4.0 


Crossbar shift left unsigned nibbles check overflow 


X.SHL.U.8.0 


Crossbar shift left unsigned bytes check overflow 


X.SHLU.I6.0 


Crossbar shift left unsigned doublets check overflow 


X.SHL.U.32.0 


Crossbar shift left unsigned quadlets check overflow 


X.SHL.U.64.0 


Crossbar shift left unsigned octlets check overflow 


X.SHLU. 1 28.0 


Crossbar shift left unsigned hexlet check overflow 


X.SHR.2 


Crossbar signed shift right pecks 


X.SHR.4 


Crossbar signed shift right nibbles 


X.SHR.8 


Crossbar signed shift right bytes 


X.SHR. 1 6 


Crossbar signed shift right doublets 


X.SHR.32 


Crossbar signed shift right quadlets 


X.SHR.64 


Crossbar signed shift right octlets 


X.SHR. 1 28 


Crossbar signed shift right hexlet 


X.SHR.U.2 


Crossbar shift right unsigned pecks 


Y CUD 1 J A 


Crossbar shift right un^^xtyx^^ nibbles 


X.SHR.U.8 


Crossbar shift right unsigned bytes 


X.SHR.U.I6 


Crossbar shift right unsigned doublets 


X.SHR.U.32 


Crossbar shift right unsigned quadlets 


X.SHR.U.64 


Crossbar shift right unsigned octlets 


X.SHR.U.128 


Crossbar shift right unsigned hexlet 



Selection 



class 


op 


size 


precision 


EXPAND EXPAND.U 
COIV1PRESS COMPRESS.U 


2 4 8 16 32 64 128 


shift 


ROTR ROTL SHR SHL 
SHLO SHLU.O SHR.U 


2 4 8 16 32 64 128 
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Format 

X.op.size rcJ=rc,rb 
rd=xopsi2e(rcrb) 

31 252423 18 17 12 11 6 5 21 0 

1 XSHIFT Isl rd I re I rb I op | szl 

7 1 6 6 6 4 2 

Isize <^ log(size) 
s <- Isize2 
sz <- Isize I. .0 

Description 

Two values are taken from the contents of registers rc and rb. The specified operation is 
performed, and the result is placed in register rd. 

Definition 

def Crossbar(op,sl2e,rd,rc,rb) 
c <r- RegRead(rc 1 28) 
b <- RegRead(rb, 128) 
shift <- b and (size-1) 
case OP5..2 M 0^ of 
X.COMPRESS: 

hsize <- size/2 

for I <- 0 to 64-hsize by hsize 
if shift < hsize then 

^hhsize-},A <- Cj+H-shift+hsize- 1 ..i+i+shift 

else 

ai+hsize-l..! cJn^riSze^J^^ I I Ci+H-size-l.l+i+shift 

endif 
endfor 

ai27..64 0 
X.COMPRESS.U; 

hsize si2e/2 

for i ^ 0 to 64-hsi2e by hsize 
if shift ^ hsize then 

3r+hsize-I„i ^ ^i+i+shift+hsize- 1 ..i+H-shift 

else 

ai+hsize-IJ <- O^hift-^^^'^e , , Ci^^slze-K^Hshift 

endif 
endfor 

ai27,.64 <- 0 
X.EXPAND: 

hsize <- size/2 

for i <- 0 to 64-hsize by hsize 
if shift < hsize then 

ai.f.size.l..N ^ cjj^iiyrf I I C|^hsize-IJ » > 0^^^ 
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else 

a|+ksize-I..H CH.size-$hift-l..i « ' 0'^*^ 

endif 
endfor 
X.EXPAND.U: 

hsize <- size/2 

for i 0 to 64-hsize by hsize 
if shift < hsize then 

ai+iH.size-l..i+i <- O^size-shift , , Cj^hsize-IJ ' > ^^^^ 

else 

ar+i+size-l..W <- Crfsize-shift-IJ > ' 0'^'^ 

endlf 
endfor 
X.ROTL 

for i <~ 0 to 1 28-size by size 

3H-slze-I..I ^ CH-size-l-shifLj I ' Ch-slze- 1 ..i+size- 1 -shift 
endfor 
X.ROTR: 

for I 4- 0 to 1 28-size by size 

3i+size-l..i ^ ^i+shift-r.i ' ' Cj+sjze- 1 ..i+shift 
endfor 
X.SHL: 

for i 0 to 1 28-size by size 

ai+size-lJ ^ CH-size-l-shift..! 1 I O^^'^ 
endfor 
X.SHLO: 

for i 4- 0 to 1 28-size by size 

»f Ci+size-l..ffsize-l-shift ^ Cn^Ke-l-shift 
raise FixedPointArithmetic 

endif 

ai+size-IJ Ci+size.l-shift.jl I O^^ift 
endfor 
X.SHLU.O: 

for i <- 0 to 1 28-size by size 

»f Cffsize-l..f+size-shift ^ 0^^'^^ then 
raise FixedPointArithmetic 

endif 

ai+size-IJ ^ Cj+size-i -shift..! » I 0^^^^ 
endfor 
X.SHR: 

for i 0 to 1 28-size by size 

ai+size-l..! ^ cft!^e-\ ' ' CH-size-l..i+shift 
endfor 
X.SHR.U: 

for i <- 0 to 1 28-size by size 

awize-l..i 0^^^ I I c^si2e-l..Hshift 
endfor 

endcase 

RegWritefrd, 128, a) 
enddef 
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Exceptions 

Fixed-point arithmetic 
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Crossbar Extract 

These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in a fourth register. 

Operation codes 

IX.EXTRACT I Crossbar extract ~ I 



Format 



X.EXTRACT ra=rd,rcjb 
ra=xextract(rd,rc,rb) 

3j 24 23 18 17 12 1 1 65 

I op I rd I rc I rb I ra 

8 6 6 6 6 



Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Bits 31. .0 of the contents of register rb specifies several parameters which control the 
manner in which data is extracted, and for certain operations, the manner in which the 
operation is performed. The position of the control fields allows for the source position to 
be added to a fixed control value for dynamic computation, and allows for the lower 16 bits 
of the control field to be set for some of the simpler extract cases by a single GCOPYI.128 
instruction. The control fields are fiirther arranged so that if only the low order 8 bits are 
non-zero, a 128-bit extraction with truncation and no rounding is performed. 

31 24 23 16 15 14 13 12 11 109 8 0 

I fsize I dpos |x|s|n|m|l|rnd| gssp | 

8 8 1 I I I 1 2 9 



The table below describes the meaning of each label: 



label 


bits 


meaning 


fsize 


8 


field size 


dpos 


8 


destination position 


X 




reserved 


s 




signed vs. unsigned 


n 




reserved 


m 




merge vs. extract 


1 




reserved 


rnd 


2 


reserved 


qssp 


9 


group size and source position 
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The 9-bit gssp field encodes both the group size, gsize, and source position, spos, 
according to the formula gssp = 512-4*gsi2e+spos. The group size, gsize, is a power of 
two in the range 1..128. The source position, spos, is in the range 0..(2*gsi2e)-l. 



The values in the s, n, m, 1, and md fields have the following meaning: 



values 


s 


n 


m 


1 


rnd 


0 


unsigned 




extract 






1 


signed 




merge 






2 












3 













For the X.EXTRACT instruction, when m=0, the parameters are interpreted to select a 
fields from the catenated contents of registers rd and rc, extracting values which are 
catenated and placed in register ra.: 




For a crossbar-merge-extract (X.EXTRACT when m=l), the parameters are interpreted to 
merge a fields from the contents of register rd with the contents of register rc. The results 
are catenated and placed in register ra. 




rc 



rb 



rd 

f$ize dpds — 

Crossbar merge extract 
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Definition 

def CrossbarExtract(op,ra,rb/c,rd) as 



d ir- 


RegRead(rd, 128) 


c ^ 


RegRead(rc, 128) 


b <r- 


RegRead(rb, 128) 


case 


b8..o of 




0..255: 








256..383: 








384.,447: 








448..479: 




gsize 4- 16 




480..495: 




gsize ^ 8 




496..503: 




gsize 4 




504..507: 




gsize ^ 2 




508..5II: 




gsize <- 1 



endcase 
m 4— b|2 

as <- signed ^ b|4 
h <- {2-m)*gsize 

spos (ba.o) and |(2-m)*gsize-l) 
dpos (0 I I b23..i6) and (gsize- 1) 
sfsize <~ (0 M b3i .24) and (gsize- 1) 

tfsize {sfsize = 0) or {(sfsize+dpos) > gsize) 7 gsize-dpos : sfsize 
fsize ^ (tfsize + spos > h) ? h - spos : tfsize 
for i <- 0 to 128-gslze by gsize 
case op of 

XEXTRACT: 
if m then 

P ^ ^gsizefi-I..i 

else 

p (d M c)2*(gsizefi)-l..2*i 

endif 

endcase 

V <- (as & ph-i)l Ip 

w ^ (as & Vspos+fsi2e-l)9^'"^^-^^'^^^P°^ 1 I Vfsi2e-Hspos..spos I I O^POS 
if m then 

aslze-l+iJ Cgsize-l+Ldpos+fsize^-i ' * w^pos+fsize- 1 .,dpos ' ' Cdpos-l+IJ 

else 

^size-l+iJ ^ w 

endif 
endfor 

RegWrite{ra, 128, a) 
enddef 
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Exceptions 

none 
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Crossbar Field 

These operations take operands from a register and two immediate values, perform 
operations on partitions of bits in the operands, and place the concatenated results in the 
second register. 



Operation codes 



X.DEPOSIT 2 


V»l v/.>J^Mcli UCfJUjIL jliJIICLJ JJCCIx^ 


X.DEPOSIT 4 


\J^^UGl LiCfJv/jll ^ICjllCLJ rilUiJItl^ 


X.DEPOSIT 8 


v-i wjjucii uc|j\j^ii jiLjiic.u uyicj 


X DEPOsrr 1 6 


^-1 v/^^uai LJC|j\j^iL ^lyriccj uouuicu 


X DEPOSIT 32 




X DEPOSIT 64 


rr\cch^*r Hpo/^cit" ci/inoH or+l<afc 
v-i vjiouai ucfju^ii ^lyricu oc.uc.l5 


X DEPOSIT 1 2fl 


C r/^cch^r /Hor\r^cit' f^ovlo^ 


X DEPOSIT U 7 


v.ru55Liar ucpo^iL unsiynea pecKS 


X DEPOSIT U 4 


v^iOiiudr ucpuMi unsiyricQ niuuics 


X DEPOSIT U fi 


v_ru5oUar ucpu^iL un^iyneQ uyxcS 


XDEPOSmj lA 


urossudr cieposiL unsiyneu uOuOieLS 


X DEPOSmj ^7 


uru550or ueposiL unsiyneu qubqi^xs 


XDEPOSmJ A4 


v.ro55udr ueposii unsiyneu ocueis 


X DEPOSIT! J 17fl 


\-ru55Udi ucpu^ii unsiyn&u nexicL 


X.WITHDRAW.U.2 


Crossbar withdraw unsigned pecks 


X.WITHDRAW.U.4 


Crossbar withdraw unsigned nibbles 


X.WITHDRAW.U.8 


Crossbar withdraw unsigned bytes 


X.WrrHDRAW.U.16 


Crossbar withdraw unsigned doublets 


X.WITHDRAW.U.32 


Crossbar withdraw unsigned quadlets 


X.WrrHDRAW.U.64 


Crossbar withdraw unsigned octlets 


X.WITHDRAW.U.I28 


Crossbar withdraw unsigned hexlet 


X.WfTHDRAW.2 


Crossbar withdraw pecks 


X.WITHDRAW.4 


Crossbar withdraw nibbles 


X.WITHDRAW.8 


Crossbar withdraw bytes 


X.WITHDRAW.I6 


Crossbar withdraw doublets 


X.WITHDRAW.32 


Crossbar withdraw quadlets 


X.WrrHDRAW.64 


Crossbar withdraw octlets 


X.Wn"HDRAW.I28 


Crossbar withdraw hexlet 
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Equivalencies 



X.SEX.1.2 


Crossbar extend immediate signed peclcs 


X.SEXJ.4 


Crossbar extend immediate signed nibbles 


X.SEX.1.8 


Crossbar extend immediate signed bytes 


X.SEX.1.16 


Crossbar extend immediate signed doublets 


X.SEX.1.32 


Crossbar extend immediate signed guadlets 


X.SEX.1.64 


Crossbar extend immediate signed octlets 


X.SEX.1. 128 


Crossbar extend immediate signed hexlet 


X.ZEX12 


Crossbar extend immediate unsigned pecks 


X.ZEX.IA 


Crossbar extend immediate unsigned nibbles 


X.ZEX18 


Crossbar extend immediate unsigned bytes 


X.ZEX.U6 


Crossbar extend immediate unsigned doublets 


X.ZEX.1.32 


Crossbar extend immediate unsigned guadlets 


X.ZEX.1.64 


Crossbar extend immediate unsigned octlets 


X.ZEX.1.128 


Crossbar extend immediate unsigned hexlet 



XSHU.gsize rd=rc,i 


-¥ 


XDEPOSnr.gsize rd=rc,size-i,i 


XSHR.I.gsize rd=rc,i 


-> 


X.WrrHDRAW.gsize rd=rc.slze-i,i 


XSHRU.I.gsize rd=rcj 




X.WrrHDRAW.U.gsize rd=rc.size-i.i 


XSEXlgsize rd=rc,i 


->• 


X.DEPOSIT.gsize rd=rc,i.O 


X.ZEX.I.gsize rd=rcj 




X.DEPOSIT.U.gsize rd=rc,i,0 


Redundancies 


XDEPOSnr.gsize rd=rc,gsize,0 


<=> 


X.COPY rd=rc 


XDEPOSIT.U.gsize rd=rc,gsize,0 


<=> 


XCOPY rd=rc 


XWITHDRAW.gsize rd=rc,gsize,0 




X.COPY rd=rc 


XWITHDRAW.U.gsize rd=rc,gsize.O 




XCOPY rd=rc 



Format 

X.op.gsize rd=rcjsizejshift 
rd=xopgsize{rc,isize,lshift) 

31 26252423 18 17 12 1 1 65 0 

I op I Ih I rd I rc I gsf p | gsf s | 

6 2 6 6 6 6 

assert isize+ishift ^ gsize 
assert lsize>l 

iho I I gsfs <r- 1 28-gsize+isize- 1 
ih| II gsfp 128-gsize+ishift 
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Description 

The contents of register rc is fetched, and 7-bit immediate values are taken from the 2-bit ih 
and the 6-bit gsfp and gsfs fields. The specified operation is performed on these operands. 
The result is placed into register rd. 



The diagram below shows legal values for the ih, gsfp and gsfs fields, indicating the group 
size to which they apply. 



127 






Ih, II gsfp 


/.r<V; ' ' ''\ -^'^^ ' ^ ; 




0 








encoding for crossbar field 



The ih, gsfp and gsfs fields encode three values: the group size, the field size, and a shift 
amount. The shift amount can also be considered to be the source bit field position for 
group-withdraw instructions or the destination bit field position for group-deposit 
instructions. The encoding is designed so that combining the gsfp and gsfs fields with a 
bitwise-and produces a result which can be decoded to the group size, and so the field size 
and shift amount can be easily decoded once the group size has been determined. 
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The crossbar-deposit instructions deposit a bit field from the lower bits of each group 
partition of the source to a specified bit position in the result. The value is either sign- 
extended or zero-extended, as specified. 




The crossbar-withdraw instructions withdraw a bit field from a specified bit position in the 
each group partition of the source and place it in the lower bits in the result. The value is 
either sign-extended or zero-extended, as specified. 




Definition 

def CrossbarField(op,rd,rc,gsfp,gsfs) as 
c <r- RegRead{rc, 128) 
case (|opi I I gsfp) and (opo I I gsfs)) of 
0..63: 

gsize 128 
64..95: 

gsize 64 
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96..in: 




gsize 


<- 32 


112..! 19: 




gsize 


<t- 16 


1 20.. 123: 




gsize 


<r- 8 


124.. 1 25: 




gsize 


4 


126: 




gsize 


^ 2 


127: 




raise 


Reservedfnstruction 


endcase 




ishift ^ (opj 1 


1 gsfp) and (gsize- 1) 


isize <- {(opo 1 


1 gsfs) and (gsi2e-I))+1 



if (ishift+isize>gsize) 

raise Reservedlnstructlon 

endif 

case op of 

X.DEPOSrr: 

for i 0 to 128-gsize by gsize 

ai+gsize-l..i ^ c^i^}{^^-^'^^ I I CHsize-l..i I i O^^hlft 
endfor 
XDEPOSnr.U: 

for i ^ 0 to 12d'gsize by gsize 

a|+gsize-l..i ^ 09size-isize-ishift , , c^size-lJ I I 0«htft 
endfor 
X-WrrHDRAW: 

for i 0 to 128-gsize by gsize 

ai+gsize-IJ Cwswe+ishift- 1 ' ' CH.isize*-ishift-l..i+ishift 
endfor 
X.WITHDRAW.U: 

for i <- 0 to 128-gsize by gsize 

af+gsize- 1 ..i .>ishift 
endfor 

endcase 

RegWritefrd, 128, a) 
enddef 

Exceptions 

Reserved instruction 
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Crossbar Field Inplace 

These operations take operands from two registers and two immediate values, perform 
operations on partitions of bits in the operands, and place the concatenated results in the 
second register. 



Operation codes 



X.DEPOSnr.M.2 


Crossbar deposit merge pecks 


X.DEPOSrr.M.4 


Crossbar deposit merge nibbles 


X.DEPOSIT.M.8 


Crossbar deposit merge bytes 


X.DEPOSrr.M.16 


Crossbar deposit merge doublets 


X.DEPOSrr.M.32 


Crossbar deposit merge quadlets 


X.DEPOSrr.M.64 


Crossbar deposit merge octlets 


X.DEPOSrr.M.128 


Crossbar deposit merge hexlet 


Equivalencies 


jXDEPOsrr.M.i 


Crossbar deposit merge bits | 



IX.DEPOSITM1 rd®rcj,0 -» X.COPY rd^ 



Redundancies 

\X.DEPOSITMgsize rd@rQgsize.q <=> X.COPY rd=rc | 
Format 

X.op.gsize rd®rc,isizejshift 
rd=xopgsize(rdjc,isize,ishift) 

3J 26252423 18 17 12 1 1 65 0 

I op i'^^l rd I rc I gsfp | gsfs \ 

6 2 6 6 6 6 

assert isize^-ishift < gsize 
assert isize>I 

iho I I gsfs ^ 1 28-gsize+isize- 1 
ihj II gsfp <- 128-gsizet^ishift 

Description 

The contents of registers rd and rc are fetched, and 7-bit immediate values are taken from 
the 2-bit ih and the 6-bit gsfip and gsfs fields. The specified operation is performed on these 
operands. The result is placed into register rd. 
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The diagram below shows legal values for the ih, gsfp and gsfs fields, indicating the group 
size to which they apply. 


127 






ih,llgsfp 






ol 

( 


0 iholtgsfs 127 

encoding for crossbar field 





The ih, gsfp and gsfs fields encode three values: the group size, the field size, and a shift 
amount. The shift amount can also be considered to be the source bit field position for 
group-withdraw instructions or the destination bit field position for group-deposit 
instructions. The encoding is designed so that combining the gsfp and gsfs fields with a 
bitwise-and produces a result which can be decoded to the group size, and so the field size 
and shift amount can be easily decoded once the group size has been determined. 

r 

The crossbar-deposit-merge instructions deposit a bit field from the lower bits of each group 
partition of the source to a specified bit position in the result. The value is merged with the 
contents of register rd at bit positions above and below the deposited bit field. No sign- or 
zero-extension is performed by this instruction. 



^ fsize -V 









lililill 


< 




9««^ 


















:ff 










<- fsize - 


dpos — 



rd 



crossbar deposit 
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Definition 

def CrbssbarFieldlnplace(op,rd.rc,gsfp,gsfs) as 
c <r- RegRead(rc 128) 
d <- RegRead(rd, 128) 
case ((op I I I gsfp) and (opo I I gsfs)) of 
6..63: 

gsize 128 
64..95: 

gsize <- 64 
96..III: 

gsize 32 
112..119: 

gsize <- 16 
1 20.. 123: 

gsize <- 8 
124.. 125: 

gsize 4 

126: 

gsize 2 

127: 

raise Resen/edlnstruction 

endcase 

ishift ^ (opi II gsfp) and (gsize- 1) 
isize ((opo I 1 gsfs) and (gsize-I))+l 

If (lshlft+islze>gsize) 

raise Resen/edlnstruction 

endif 

for f <~ 0 to 128-gsize by gsize 

^H-gsize- 1 ..i ^ dH-gsi2e- 1 ..H-isize^-ishift ' ' ^H-isize- 1 .J I I d^jshift-lJ 
endfor 

RegWrltefrd, 128, a) 
enddef 

Exceptions 

Reserved instrucdon 
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Crossbar Inplace 

These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in the third register. 



Operation codes 



Y CLJ| hA 9 


LrossDar snirt lert merge pecks 


A.jnL.iVI.*r 


LrossDar snirt lert merge niDDies 


X.SHL.M.8 


Crossbar shift left merge bytes 


X.SHL.M.I6 


Crossbar shift left merge doublets 


X.SHLM.32 


Crossbar shift left merge quadlets 


X.SHLM.64 


Crossbar shift left merge octlets 


X.SHLM.I28 


Crossbar shift left merge hexlet 


X.SHR.M.2 


Crossbar shift right merge pecks 


X.SHR.M.4 


Crossbar shift right merge nibbles 


X.SHR.M.8 : 


Crossbar shift right merge bytes 


X.SHR.M.16 


Crossbar shift right merge doublets 


X.SHR.M.32 


Crossbar shift right merge guadlets 


X.SHR.M.64 


Crossbar shift right merge octlets 


X.SHR.M.128 


Crossbar shift right merge hexlet 


Format 

X.op.slze rd®rc,rb 
rd=xopsize(rd,rc,rb) 

31 252423 18 17 12 11 6 5 21 0 

1 XSHIFT |s| rd 1 rc 1 rb 1 op | sz | 

7 16 6 6 4 2 



Isize <- log(size) 
s <- Isizez 
sz <- Isize 1..0 

Description 

The contents of registers rd, rc and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register rd. 

Register rd is both a source and destination of this instruction. 

Definition 

def Crossbarlnplace(op,size,rd,rc,rb) as 
d <r- RegRead(rd, 128) 
c ^ RegRead|rc, 128) 
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b RegRead(rb, 128) 
shift <- b and (size- 1 ) . 
for i <- 0 to 128-size by size 
case op of 
X.SHR.M: 

3i+5ize-l..i ^ Cj+shift-ij I I cJH.size-!.,i+shift 
X.SHLM: 

3i+size-IJ di+size-l-shiftJ I' Cf+shift-lJ 

endfor 

RegWrltefrd, 128, a) 
enddef 

Exceptions 
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Crossbar Short Immediate 

These operations take operands from a register and a short immediate value, perform 
operations on partitions of bits in the operands, and place the concatenated results in a 
register. 



Operation codes 



X.COMPRESS.1.2 


Crossbar compress immediate signed peclcs 


X.COMPRESS.1.4 


Crossbar compress immediate signed nibbles 


X.GOMPRESS.1.8 


Crossbar compress immediate signed bytes 


X.COMPRESS.I.I6 


Crossbar compress immediate signed doublets 


X.COMPRESS.1.32 


Crossbar compress immediate signed quadlets 


X.COMPRESS:i;64 


Crossbar compress immediate signed octlets 


X.COMPRESSJ.I28 


Crossbar compress immediate signed hexlet 


X.COMPRESS.I.U.2 


Crossbar compress immediate unsigned pecks 


X.COMPRESS.I.U.4 


Crossbar compress immediate unsigned nibbles 


X.COMPRESS.I.U.8 


Crossbar compress immediate unsigned bytes 


X.C0MPRESS.I.U.16 


Crossbar compress immediate unsigned doublets 


X.COMPRESS.I.U.32 


Crossbar compress immediate unsigned quadlets 


X.COMPRESS.I.U.64 


Crossbar compress immediate unsigned octlets 


X.COMPRESS1U.128 


Crossbar compress .immediate unsigned liexlet 


X.EXPAND.1.2 


Crossbar expand immediate signed pecks 


X.EXPAND.1.4 


Crossbar expand immediate signed nibbles 


X.EXPAND.1.8 


Crossbar expand immediate signed bytes 


X.EXPAND.1.16 


Crosstiar expand immediate signed doublets 


X.EXPAND.1.32 , 


Crossiaar expand immediate signed quadlets 


X.EXPAND.1.64 


Crossbar expand immediate signed octlets 


X.EXPAND.1.128 


Crossbar expand immediate signed liexlet 


X.EXPAND.I.U.2 


Crosstiar expand immediate unsigned pedis 


X.EXPAND.I.U.4 


Crossbar expand immediate unsigned nibbles 


X.EXPAND.I.U.8 


Crossbar expand immediate unsigned bytes 


X.EXPAND.I.U.16 


Crossbar expand immediate unsigned doublets 


X.EXPAND.I.U.32 


Crossbar expand immediate unsigned quadlets 


X.EXPAND.I.U.64 


Crossbar expand immediate unsigned octlets 


X.EXPAND.I.U.128 


Crossbar expand immediate unsigned liexlet 


X.ROTLI.2 


Crossbar rotate left immediate pecks 


X.ROTLI.4 


Crossbar rotate left immediate nibbles 


X.ROTLi.8 


Crossbar rotate left immediate bytes 


X.ROTLI.16 


Crossbar rotate left immediate doublets 


X.ROTLI.32 


Crossbar rotate left immediate quadlets 


X.ROTL.1.64 


Crossbar rotate left immediate octlets 


X.ROTLI.I28 


Crossbar rotate left immediate hexlet 


X.ROTR.1.2 


Crossbar rotate right immediate pecks 


X.ROTR.1.4 


Crossbar rotate right immediate nibbles 


X.ROTR.1.8 


Crossbar rotate right immediate bytes 


X.ROTR.I.I6 


Crosst>ar rotate right immediate doublets 
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X.ROTR.1.32 


Crossbar rotate right immediate quadlets 


X.ROTR.1.64 


Crossbar rotate right immediate octlets 


X.ROTR.I.I28 


Crossbar rotate right immediate hexlet 


X.SHLI.2 


Crossbar shift left immediate peclcs 


X.SHLI.2.0 


Crossbar shift left immediate signed pecks check overflow 


X.SHLI.4 


Crossbar shift left immediate nibbles 


X.SHL.I.4.0 


Crossbar shift left immediate signed nibbles check overflow 


X.SHLI.8 


Crossbar shift left immediate bytes 


X.SHL.I.8.0 


Crossbar shift left immediate signed bytes check overflow 


X.SHLI.I6 


Crossbar shift left immediate doublets 


X.SHLI.16.0 


Crossbar shift left immediate signed doublets check overflow 


X.SHLI.32 


Crossbar shift left immediate quadlets 


X.SHL.I.32.0 


Crossbar shift left immediate signed quadlets check overflow 


X.SHLI.64 


Crossbar shift left immediate octlets 


X.SHLI.64.0 


Crossbar shift left immediate signed octlets check overflow 


X.SHL.1.128 


Crossbar shift left immediate hexlet 


X.SHLI.I28.0 


Crossbar shift left immediate signed hexlet check overflow 


X.SHU.U.2.0 


Crossbar shift left immediate unsigned pecks check overflow 


X.SHLI.U.4.0 


Crossbar shift left immediate unsigned nibbles check overflow 


X.SHL.I.U.8.0 


Crossbar shift left immediate unsigned bytes check overflow 


X.SHLI.U.16.0 


Crossbar shift left immediate unsigned doublets check overflow 


X.SHLI.U.32.0 


Crossbar shift left immediate unsigned quadlets check overflow 


X.SHLI.U.64.0 


Crossbar shift left immediate unsigned octlets check overflow 


X.SHL.I.U.128.0 


Crossbar shift left immediate unsigned hexlet check overflow 


X.SHR.1.2 


Crossbar signed shift right immediate pecks 


X.SHR.1.4 


Crossbar signed shift right immediate nibbles 


X.SHR.1.8 


Crossbar signed shift right immediate bytes 


X.SHR.I.I6 


Crossbar signed shift right immediate doublets 


X.SHR.1.32 


Crossbar signed shift right immediate quadlets 


X.SHR.1.64 


Crossbar signed shift right immediate octlets 


X.SHR.I.I28 


Crossbar signed shift right immediate hexlet 


X.SHR.I.U.2 


Crossbar shift right immediate unsigned pecks 


X.SHR.I.U.4 


Crosst>ar shift right immediate unsigned nibbles 


X.SHR.I.U.8 


Crossbar shift right immediate unsigned bytes 


X.SHR.I.U.16 


Crossbar shift right immediate unsigned doublets 


X.SHR.I.U.32 


Crossbar shift right immediate unsigned quadlets 


X.SHR.I.U.64 


Crossbar shift right immediate unsigned octlets 


X.SHR.I.U.128 


Crossbar shift right immediate unsigned hexlet 


Equivalencies 


X.COPY 


Crossbar copy 


X.NOP 


Crossbar no operation 




X.COPY rd=rc 


ir- X.ROTLI.I28 rd=rc.O 


X.NOP 


<- X.COPY rO=rO 
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X.ROTLl.gsize rd=rc,0 


<=> X.COPY rd=rc 


X.ROTR.igsize rd=rc,0 


X.COPY rd=rc 


X.ROTRJ.gsize rd=rc,shift 


o XROTU.gsize rd=rc,gsize-shift 


XSHU.gsize rd=rc,0 , 


^ X.COPY rd=rc 


XSHLlgsize.O rd=rc,0 


o X.COPY rd=rc 


X.SHLl.U.gsize.O rd=rc,0 


<z> X.COPY rd=rc 


XSHRlgsize rd=rc.O 


o X.COPY rd=rc 


XSHR.I.U.gsize rd=rc,0 


o X.COPY rd=rc 



Selection 



class 


op 


size 


precision 


COMPRESS.I COMPRESS.I.U 
EXPAND.I EXRAND.I.U 


2 4 8 16 32 64 128 


shift 


ROTLI ROTR.I 

SHLI SHLI.O SHLI.U.O 

SHR.I SHR.I.U 


2 4 8 16 32 64 128 


copy 


COPY 





Format 

X.op.size rd=rc,shift 
rd=xopslze(rc,shift) 

3j 24 23 18 17 12 M 65 0 

I XSHIFTI I rd I rc i simm | op | 
8 6 6 6 6 

t <- 256-2*sizefshift 

simm <- t5„o 

Description 

A 128-bit value is taken from the contents of register rc. The second operand is taken from 
simm. The specified operation is performed, and the result is placed in register rd. 

Definition 

def CrossbarShortlmmediate(op,rd,rc,slmm) 
case (opi..o ' • simm) of 
0..127: 

size ^ 128 
128..191: 

size ^ 64 
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I92,.223: 

size <- 32 
224..239: 

size 4- 16 
240..247: 

size <- 8 
248..251: 

size <- 4 
252..253: 

size <- 2 
254.255: 

raise Reservedlnstruction 

endcase 

shift <- (opo I I simm) and (size- 1) 
c <- RegRead(rc, 128) 
case (OP5..2 I I 0^) of 
X.COMPRESS.I: 

hsize <- size/2 

for i 0 to 64-hsize by hsize 
if shift < hsize then 

^H-f^size-IJ Cr+H-shift+hsize- 1 .,i+H-shift 

else 

' aj+hsize-IJ <- <^^j^^z^^^ ' ' CH-i+size-l-i+i+shift 
endif 
endfor 

ai27..64 0 
X.COMPRESS.I.U: 

hsize <- size/2 

for i 0 to 64-hsize by hsize 
if shift ^ hsize then 

^H-hsize- 1 ..i ^ Cf+j+shift+hsize- 1 ..H-H-shift 

else 

ai+hsize-IJ ^ O^hift-f^size | | CKt,size-l.>«hift 

endif 
endfor 

ai27..64 <- 0 
X.EXPAND.I: 

hsize <- size/2 

for i 0 to 64-hsize by hsize 
if shift < hsize then 

^f^hsize-}^ ^ cH^^iT I i c^hsize-I.J ^ » 0'^'^ 

else 

aj+|+size.i..w c^size-shift-U > " 0'^'^ 

endif 
endfor 
X.EXPAND.I.U: 

hsize <- size/2 

for i 0 to 64-hsize by hsize 
if shift < hsize then - 

aj^i^s»ze-l..H ^ O^size-shift , , cj^^^.^^., . | i QShift 

else 

ai+Ksize-l>i Cr+size-shift-U « > 0^^'^ 
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endif 
endfor 
X.SHLI: 

for i 0 to 128-size by size 

ai+size-1.J ^ cj+size- 1 -shlfL.il I QShift 
endfor 
X.SHLI.O: 

for i ^ 0 to 1 28-size by size 

»f CH'Size-I..i+size.I-shift ^ ^5,^+1^^^.^ then 
raise FixedPointArithmetic 

endif 

3i+sr2e-l..i Cj+size- 1 -shiftJ I ' 0^^'^^ 
endfor 
X.SHLI.U.O: 

for i <- 0 to 128-slze by size 

^ »f CH.si2e-I..i+size-shift ^ 0^^'^ then 
raise FixedPointArithmetic 

endif 

^H-size-U C|+size-I-shifL.il > 0^^*^ 
endfor 
X.ROTR.I: 

for i <- 0 to 1 28-size by size 

3i+size- Cj+shift-Lj I I Cn-size- 1 ..i+shift 
endfor 
X.SHRA: 

for i 0 to 1 28-size by size 

ah-size-IJ ^ ^ftmQ-} ' ' CH-size-l..i+shift 
endfor 
X.SHR.I.U: 

for i <- 0 to 1 28-size by size 

aksize-l..i OS^iift I I c^sfee-l..i+shift 
endfor 

endcase 

RegWritefrd, 128. a) 
enddef 

Exceptions 

Fixed-point arithmetic 
Reserved Instruction 
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Crossbar Short Immediate Inplace 

These operations take operands from two registers and a short immediate value, perfoim 
operations on partitions of bits in the operands, and place the concatenated resiilts in the 
second register. I 



Operation codes 



X.SHLM.1.2 


Crossbar shift left merge immediate pecks 


X.SHL.M.1.4 


Crossbar shift left rtierge immediate nibbles 


X.SHLM.1.8 


Crossbar shift left merge immediate bytes 


X.SHLM.I.I6 


Crossbar shift left merge immediate doublets 


X.SHL.M.1.32 


Crossbar shift left merge immediate quadlets 


X.SHL.M.1.64 


Crossbar shift left merge immediate octlets 


X.SHLM.I.I28 


Crossbar shift left merge immediate hexlet 


X.SHR.M.1.2 


Crossbar shift right merge immediate pecks 


X.SHR.M.1.4 


Crossbar shift right merge immediate nibbles 


X.SHR.M.1.8 


Crossbar shift right merge immediate bytes 


X.SHR.M.1 16 


Crossbar shift right merge immediate doublets 


X.SHR.M.1.32 


Crossbar shift right merge irnmediate quadlets 


X.SHR.M.1.64 


Crossbar shift right merge immediate octlets 


X.SHR.M.1. 128 


Crossbar shift right merge immediate hexlet 



Format 

X.op.size rd@rcshift 
rd=xopsize(rc,shlft) 

31 24 23 18 17 12 11 6 5 0 

I XSHIFTI I rd I rc | simm | op \ 
8 6 6 6 6 

t <- 256-2*sizefshift 

OpI..O <- t7..6 

Simm <r- ts„o 
Description 

Two 128-bit values are taken from the contents of registers rd and rc. A third operand is 
taken from simm. The specified operation is performed, and the result is placed in register 
rd. 

This instruction is undefined and causes a reserved instruction exception if the simm field is 
greater or equal to the size specified. 
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Definition 

def CrossbarShortlmmediatelnplace|op,rcl,rc4imm) 
case (op 10 I I simm) of 



n 1 "77. 
u.. 1 z/. 




size 


128 


1 7Q 1 O t . 

1 Zo.. 1 7 1 : 




size <- 


64 


192..223: 




size <- 


32 


224.239: 




size <- 


16 


240..247: 




size ^ 


8 


248..25I: 




size 


4 


252..253: 




size ^ 


2, 


254..255: 



raise Reservedlnstruction 

endcase 

shift ^ |opo I I simm) and |size-1) 
c <- RegRead(rc, 128) 
d <- RegRead(rd, 128) 
for i <- 0 to 128-size by size 
case (OP5..2 I \ 0^) of 
XSHRMA: 

an-size- IJ <- Ci+shift-IJ I I <^t+size-l.>shift 
X.SHLM.I: 

3i+size-l..i <- <^i+size-l-shifL.i ' ^ Ci+shift-Kj 

endcase 
endfor 

RegWrite(rd, 128, a) 

enddef v 
Exceptions 

Reserved Instruction 
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Crossbar Shuffle 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a register. 



Operation codes 



X.SHUFFLE.4 


Crossbar shuffle within pecks 


X.SHUFFLE.8 


Crossbar shuffle within bytes 


X.SHUFFLE.16 


Crossbar shuffle within doublets 


X.SHUFFLE.32 


Crossbar shuffle within quadtets 


X.SHUFFLE.64 


Crossbar shuffle within octlets 


X.SHUFFLE.I28 


Crossbar shuffle within hexlet 


X.SHUFFLE.256 


Crossbar shuffle within triclet 



Format 

X.SHUFFLE.256 rd=rcrb,v,w,h 
X.SHUFFLE.size rd=rcb,v,w 

rd=xshuffle256(rc,rb,v,w,h) 
rd=xshufflesize|rcb,v,w) 

31 24 23 18 17 12 11 6 5 0 

I X,SHUFFLE I rd I rc I rb I op I 
8 6 6 6 6 

rc rb rcb 
x<-log2(slze) 
y<-log2(v) 
z<-log2(w) 

op <r- ((x*x*x-3*x*x-4*xl/6-(z*z-zl/2+x*z+yJ + |size=256)*(h*32-56) 
Description 

One of two operations are performed, depending on whether the rc and rb fields are equal. 

If the rc and rb fields are equal, a 128-bit operand is taken from the contents of register rc. 
Items of size v arc divided into w piles and shuffled together, within groups of size bits, 
according to the value of op. The result is placed in register rd. 

If the rc and rb fields are not equal, the contents of registers rc and rb are catenated into a 
256-bit operand. Items of size v are divided into w piles and shuffled together, according to 
the value of op. Depending on die value of h, a sub-field of op, die low 128 bits (h=0), or 
the high 128 bits (h=l) of the 256-bit shuffled contents are selected as the result The result 
is placed in register rd. 
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This instruction is undefined and causes a reserved instruction exception if rc and rb are not 
equal and the op field is greater or equal to 56, or if re and rb are equal and op4..o is greater 
or equal to 28. 

A crossbar 4-way shuffle of bytes within hexlet instruction pC.SHUFFLE.128 rd=rcb,8,4) 
divides the 128-bit operand into 16 bytes and partitions the bytes 4 ways (indicated by 
varying shade in the diagram below). The 4 partitions are perfectiy shuffled, producing a 
128-bit result. 




. 4-way shuffle bytes within hexlet 

A crossbar 4-way shuffle of bytes within triclet instruction (X.SHUFFLE.256 rd=rc,rb,8,4,0) 
catenates the contents of rc and rb, then divides the 256-bit content into 32 bytes and 
partitions the bytes 4 ways (indicated by varying shade in the diagram below). The low-order 
halves of the 4 partitions are perfectiy shuffled, producing a 128-bit result. , 




4'Way shuffle bytes within triclet 
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Changing the last immediate value h to 1 (X.SHUFFLE.256 rd=rc,rb,8,4,l) modifies the 
operation to perform the same function on the high-order halves of the 4 partitions. 
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When rc and rb are equal, the table below 
values for size, v, and w. 



op 


size 


V 


w 


0 


4 


1 


2 


1 


8 


1 


2 


2 


8 


2 


2 


3 


8 


1 


4 


4 


16 


1 


2 


5 


16 


2 


2 


6 


16 


4 


2 


7 


16 


1 


4 


8 


16 


2 


4 


9 


16 


1 


8 


10 


32 


1 


2 


11 


32. 


2 


2 


12 


32 


4 


2 


13 


32 


8 


2 


14 


32 


1 


4 


15 


32 


2 


4 


16 


32 


4 


4 


17 


32 


1 


8 


18 


32 


2 


8 


19 


32 


1 


16 


20 


64 


1 


2 


21 


64 


2 


2 


22 


64 


4 


2 


23 


64 


8 


2 


24 


64 


16 


2 


25 


64 


1 


4 


26 


64 


2 


4 


27 


64 


4 


4 



the value of the op field and associated 



op 


size 


V 


w 


28 


64 


8 


4 


29 


64 


1 


8 


30 


64 


2 


8 


31 


64 


4 


8 


32 


64 


1 


16 


33 


64 


2 


16 


34 


64 


I 


32 


35 


128 


I 


2 


36 


128 


2 


2 


37 


128 


4 


2 


38 


128 


8 


2 


39 


128 


16 


2 


40 


128 


32 


2 


41 


128 


1 


4 


42 


128 


2 


4 


43 


128 


4 


4 


44 


128 


8 


4 


45 


128 


16 


4 


46 


128 


1 


8 


47 


128 


2 


8 


48 


128 


4 


8 


49 


128 


8 


8 


50 


128 


I 


16 


51 


128 


2 


16 


52 


128 


4 


16 


53 


128 


1 


32 


54 


128 


2 


32 


55 


128 


I 


64 
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When rc and rb are not equal, the table below shows the value of the op4„o field and 
associated values for size, v, and w. Ops is the value of h, which controls whether the low- 
order or high-order half of each partition is shuffled into the result. 



OP4..0 


size 


V 


w 


0 


256 


1 


2 


1 


256 


2 


2 


2 


256 


4 


2 


3 


256 


8 


2 


4 


256 


16 


2 


5 


256 


32 


2 


6 


256 


64 


2 


7 


256 


I 


4 


8 


256 


2 


4 


9 


256 


4 


4 


10 


256 


8 


4 


1 1 


256 


16 


4 


12 


256 


32 


4 


13 


256 


1 


8 


14 


256 


2 


8 


15 


256 


4 


8 


16 


256 


8 


8 


17 


256 


16 


8 


18 


256 


1 


16 


19 


256 


2 


16 


20 


256 


4 


16 


21 


256 


8 


16 


22 


256 


1 


32 


23 


256 


2 


32 


24 


256 


4 


32 


25 


256 


1 


64 


26 


256 


2 


64 


27 


256 


1 


128 



Definition 

def CrossbarShuffle|major,rd,rc/b,op) 
c <- RegReadfrc, \28] 
b <- RegRead(rb, 128) 
if rc=rb then 
case op of 
0..55: 

for X 2 to 7; for y ^ 0 to x-2; for z <- 1 to x-y- 1 
if op = ((x*x*x-3*x*x-4*xy6-(z*z-zl/2+x*z+y) then 
for i 0 to 127 

^ %.jc 1 1 * ' *x-i..y+z » I V-»"0' 

end 

endif 

endfor; endfor; endfor 
56..63: 

raise Reservedlnstruction 
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endcase 

elseif 

case op4 ^0 of 
0.27: 

cb <(- c I I b 
X <- 8 
h 4- op5 

for y 0 to x-2; for z 4- 1 to x-y-l 
if OP4..0 = ((I7*z-z*zl/2-8+y) then 
for i ^ h*128 to I27+h*l28 

ai.h*I28 <- Cb(iy^z.,..y I I ix.I„y+2 1 1 iy.,„o) 

end 

endif 
endfor; endfor 
28..3I: 

raise Reservedlnstruction 

endcase 

endif 

RegWritefrd, 128, a) 
enddef 

Exceptions 

Reserved Instruction 
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Crossbar Swizzle 

These operations perform calculations with a general register value and immediate values, 
placing the result in a general register. 

Operation codes 

I X.SWIZZLE I Crossbar swizzle | 



Format 

X.SWIZZLE rd=rcJcopyJswap 
rd=xswiz2le(rc,icopy,iswap) 

31 26 2524 23 18 17 12 II 6 5 0 

I X.SWIZZLE i ih I rd I rc \ Icopya 1 Iswapa | 

6 2 6 6 6 6 

icopya <- Icopy5..o 
Iswapa ir- iswaps .0 
Ih ^ icopy6 I I Iswap6 



Description 

The contents of register rc are fetched, and 7-bit immediate values, icopy and iswap, are 
constructed from the 2-bit ih field and from the 6-bit icopya and iswapa fields. The specified 
operation is performed on these operands. The result is placed into register rd. 

Definition 

def GroupSwizzlelmmediate(ih,rd,rc,icopyaJswapa) as 
icopy ^ ih| II icopya 
iswap <- iho I I iswapa 
c RegRead|rc 1 28) 
for i ^ 0 to 127 

Cji 5j icopy) " iswap 

endfor 

RegWritefrd, 128, a) 
enddef 

Exceptions 

none 
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Crossbar Ternary 

These operations take three values from registers, perform a group of calculations on 
partitions of bits of the operands and place the catenated results in a fourth register. 

Operation codes 



IX.SELECT.8 



Crossbar select bytes 



Format 

op ra=rd,rc,rb 
ra=op(rdjc,rb) 

31 



24 23 



18 17 



12 n 



6 5 



rd 



rc 



rb 



ra 



8 



Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Definition 

def CrossbarTemary|op,rd,rc,rb,raJ as 
d <- RegReadfrd, 128) 
c RegRead(rc, 128) 
b RegReadfrb, 128) 
dc d I I c 
for i ^ 0 to 15 
j ^ b8*H4..8*i 

38*H-7..8*i c'C8*j+7..8*j 
endfor 

RegWrite(ra, 128, a) 
enddef 

Exceptions 



none 
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Ensemble 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



E.CON.8 


Ensemble convolve signed b^tes 


E.CON.l 6 


Ensemble convolve signed doublets 


E.CON.32 


Ensemble convolve signed quadlets 


E.CON.64 


Ensemble convolve signed octlets 


E.CON.C.8 


Ensemble convolve complex bytes 


E.CON.C 1 6 


Ensemble convolve complex doublets 


E.CON.C32 


Ensemble convolve complex quadlets 


E.CON.M.8 


Ensemble convolve mixed-signed bytes 


E.CON.M. 1 6 


Ensemble convolve mixed-signed doublets 


E.CONM32 


Ensemble convolve mixed-signed quadlets 


E.CON.M.64 


Ensemble convolve mixed-signed octlets 


E.CON.U.8 


Ensemble convolve unsigned bytes 


E.CON,U.16 


Ensemble convolve unsigned doublets 


E.CON.U.32 


Ensemble convolve unsigned quadlets 


E.CON.U.64 


Ensemble convolve unsigned octlets 


E.DIV.64 


Ensemble divide signed octlets 


EDIV.U.64 


Ensemble divide unsigned octlets 


E.MUL8 


Ensemble multiply signed bytes 


E.MUL16 


Ensemble multiply signed doublets 


E.MUL32 


Ensemble multiply signed quadlets 


E.MUL64 


Ensemble multiply signed octlets 


E.MULSUM.8 


Ensemble multiply sum signed bytes 


EMULSUM.16 


Ensemble multiply sum signed doublets 


E.MULSUM.32 


Ensemble multiply sum signed quadlets 


E.MULSUM.64 


Ensemble multiply sum signed octlets 


E.MULC.8 


Ensemble complex multiply bytes 


^ R ill If /~ f Z 

E.MULC. 1 6 


Ensemble complex multiply doublets 


E.MULC32 


Ensemble complex multiply quadlets 


E.MULM.8 


Ensemble multiply mixed-signed bytes 


E.MULM.I6 


Ensemble multiply mixed-signed doublets 


E.MULM.32 


Ensemble multiply mixed-signed quadlets 


E.MULM.64 


Ensemble multiply mixed-signed octlets 


E.MULP.8 


Ensemble multiply polynomial bytes 


E.MULP.16 


Ensemble multiply polynomial doublets 


E.MULP.32 


Ensemble multiply polynomial quadlets 


E.MULP.64 


Ensemble multiply polynomial octiets 


E.MULSUM.C8 


Ensemble multiply sum complex bytes 


E.MULSUM.CI6 


Ensemble multiply sum complex doublets 


E.MULSUM.C32 


Ensemble multiply sum complex quadlets 
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P KAI Jl CI tKA hA O 

t.JvIUL.iUM.Ivi.o 


Ensemble multiply sum mixed-signed bytes 


C hAt II CI IhA hA 1 

t.lViUL.bUM.Ivl. 16 


Ensemble multiply sum mixed-signed doublets 


tZ hAl 11 CI IKA hA D*^ 


Ensemble multiply sum mixed-signed quadlets 


P A/ll II CI tKA KA JLA 


Ensemble multiply sum mixed-signed octiets 


c ^>il II CI lAii 1 1 o 
t.MULoUlvl.U.o 


Ensemble multiply sum unsigned bytes 


C Kill II CI IhA t 1 % A 

t.MULSUM.U. 1 6 


Ensemble multiply suni unsigned doublets 




Fncprnhip mi ilfir^K/ ci im i l^ci^f^^a/^" isWIofc 

^ll^wiilUICr IliUILI^iy ^Lil 1 1 - LIf I^IUl ICU LfUdCiiCLj 


E.MULSUM.U.64 


Ensemble multiply sum unsigned octiets 


E.MULU.8 


Ensemble multiply unsigned bytes 


E.MULU.I6 


Ensemble multiply unsigned doublets 


E.MULU.32 


Ensemble multiply unsigned quadlets 


E.MULU.64 


Ensemble multiply unsigned octiets 



Selection 



class 


op 


type 


size 


multiply 


E.MUL 


noneM U P 


8 16 32 64 


C 


8 J6 32 


multiply sum 


E.MULSUM 


noneM U 


8 16 32 64 


C 


8 16 32 


divide 


E.DIV 


noneU 


64 



Format 

E.op.size rd=rc,rb 
rd=eopsize(rc,rb) 

31 24 23 18 17 12 11 6 5 Q 

I E,slze I rd j rc | rb | op | 

8 6 6 6 6 

Description 

Two values are taken from the contents of registers rc and rb. The specified operation is 
performed, and the result is placed in register rd. 

Definition 

def mul(size,h,vs,v,i,ws,wj) as 

mul ^ |(vs&Vsize-I+i)^"'*^^ I I Vsize-I+Li) * (Iws&Wsize-l+j)^"^*^^ I I Wsize-1+j..j) 
enddef 

def c 4- PolyMultiply(si2e,a,b) as 
p[0j <- o2*s»ze 

for k 0 to size- 1 

p(k+1] 4- p(kj ajc 7 (O^'ze-k 'i | b i I 0^) : o2*slze 
endfor 
c pfsize] 
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enddef 

def Ensemble(op^i2e,rd,rc.rb) 
c <- RegRead(rc 128) 
b ^ RegRead(rb, 128) 
case op of 

E.MUU EMUL.C:, EMULSUM, E.MULSUM.C, E.CON, E.CON.C E.DIV: 

cs bs I 
E.MULM:, EMULSUM.M. E.CON.M: 

cs <- 0 

bs <- I 

E.MULU:, EMULSUM.U, E.CON.U E.DIV.U, E.MULP: 
cs bs 0 

endcase 
case op of 

E.MUL, E.MULU E.MULM: 

for I 0 to 64-sjze by size 

d2*(i+size)- 1 ..2*i <- mul{size,2*5ize,cs,cJ,bs,bJ) 
endfor 
E.MULP: 

for I 0 to 64-size by size 

d2*(i+size)-l..2*i ^ PolyMultiply(size,Csj2e.|+i..i.bsize-1+i..i) 
endfor 
E.MUL.C: 

for i 4- 0 to 64-size by size 
if (i and size) = 0 then 

p <- mul(size,2*sizej,cxl,bj) - mul(size,2*sizej,cj+size,l,b,i+size) 

else 

p mul(size,2*sizej,cj,l,b>size) + mul(size,2*sizej,cij*bj+sjze) 

endlf 

«'2*(i+size)-I..2*i ^ P 
endfor 

E.MULSUM, EMULSUM.U, E.MULSUM.M: 
p(OJ <(- 0'28 

for i <- 0 to 1 28-srze by size 

p(l+si2ej <- p(i] + mul(size,128,cs,cj.bs,b,i) 
endfor 
a p{128) 
E.JVIULSUM.C: 
p[OJ 

pfsizej ^ 

for i <- 0 to 128-size by size 
if (i and size) = 0 then 

p(i+2*si2ej <- p(ij + mul(size,64,I,cJJ,b,i) 

- mul(size,64, 1 ,c>size, I .b j>size) 

else 

p(i+2*sizej p(ij + mul|size,64J,cJ,l,bj+size) 
+ mul{size.64,l,c>sizeJAi) 

endlf 
endfor 

a p(128+sizej 1 I p(?28I 
E.CON, E.CON.U, E.CON.M: 
p(OJ <- 0^28 

for j 0 to 64-size by size 
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for i 0 to 64-size by size 

p(j+sizej2*(H.size)-1..2*i <^ Pljj2*(i+sjze)-l..2*j + 
mul(size,2*size,csx,i+64-j,bs,bjj 

endfor 
endfor 
a <- p[64J 
E.CON.C: 

p(OI ^0^28 

for j <- 0 to 64-size by size 

for i <- 0 to 64-size by size 

if ((-i) and j and size) = 0 then 

Plj+slze]2*(H.5ize)-l..2*i <- PljJ2*|i+size)-1..2*i + 
mul(size,2*size, I x,i+64-j, 1 .b j) 

else 

p[j+slzej2*(H-size)-l..2*i ^ P[jJ2*(i+size)- 1 ..2*i " 
mul(size,2*si'ze, I ,c,i+64-j+2*si2e, I ,b j) 

endif 
endfor 
endfor 
a <- p(64J 
E.DIV: 

if (b = 0) or ( (c = (I I I063j) and (b = 1^^) ) then 
a <- undefined 

else 

q <- c/ b 

r ^ c - q*b 

a r63..0 I I q63..0 

endif 
E.DIV.U: 

if b = 0 then 

a <- undefined 

else 

q (0 II c) / (0 II b) 
r ^ c - (0 II q)*(0 Mb) 
a r63..0 I i q63..0 

endif 

endcase 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

none 
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Ensemble Convolve Extract Immediate 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 







C /^OM Y 1 Q C D 




C . L. Vj fNJ . J . U . O . In . D 


Ensemble rom/ofV9 ^yttrsiet imnriMlififp ^ianprl rnmnlf*y hvr^ hin-An/1ipn n^armt 


C f^r^KI Y 1 Q 7 D 
C.I.IJIM JV.I.U.O.Z.D ' 


bl I^WI 1 iWiw ^wl tWIVW wAU OvL lllllllwUIOLC ^i^llCu ^wMIL/IWhA Ljy \.\Z^ UIU vTi ILJJaF I ^\Z} \J 




^1 U^l I Ik^fW Vwi IVV^IVW awl IlifflllCUIaL^ ^lUI IvvJ W^JIIL^ICA uWUUICIL^ LJiu^cri IUIOI 1 ^wlllllU 


C t"r\K\ Y 1 ^ 1 /L C D 


En^^mbl? fonvoh/p pxtr^rt immpfliAfp cinnpH mmnlp¥ /fntiblpfc bin.pnHian flru^r 

*>>>''W*IWiC IVwIVC wAU iti II IICUIOIC^ iCVI ^UIIf^ACA UVUUICw UlU'CflUlail liUUI 


c r'r\Ki Y 1 r" i m d 
t.LUIM,A.I.L. I o.N.b 


fn^pmblp <*onvoh/p pittrjaifl immpdiAtP *cinnp<i mmnlpy /ImihlpfT hto>pnrltan noarocf 

^ll-ICIIIMIC kWI 1 WiVC CAUCIWl IIIUIICUHOIC M^IICU ^^HII^CA UwUWICU UlU'CllUlori fiCalC5l 


C ^OM Y 1 1 7 D 


Fn^pmblp con\/oh/p pxtmrt imrnprii^fp ^nnpii mmnlpv Hnijhipfc Kin.pnrii^n 7f^rr\ 
i>.i 1 jwi 1 ikjiw wi IV Vive cAu aki iiiuiicuiaiiC M^ficu ^uiii|MCa uuumicu uiu ciiuioii ^crivJ 




Pncpmblp fonvoh/p pytr^ct immp/ii^fp cinnpH i^Dmnfpy nits/^lptc hin_f>nr(ijan r^eilirKn 
wi i^ci iiuic v.i.^r iwivc wAUO^t iiiiiiicuiaic jiuitcu ^uiii^ica Lfuauici^ UiU'trr lUldi i (.CillfiCJ 


^ Y 1 3"? C D 

t:.L.iJNA.I.v_oz.r.D 


fn^pmbip ronvolvp Piftrart immp<4i«ifp unnpcf romnlpx riLuifilpfc hin^pn/lban flrv^r 

L»«U^IIII^I^ WWIIVV/IVw WAM II 1 II 1 IC\4ICI4C dIUI IC\J WwIIIL^ICA UiJOUJCid UlU CTIUIOII W\\lKj% 


t.LONJCj.CiZ.N.B 


ci ixriiiijic vunwivt; cauci(>i h iiincvikJiC siyncij (.umpicx cjuaulcu Ol^'cnoicin flcarcsi 




Fn$PiTiblP ronuoh/p pvtr^rf immp^uifp cinnprf fnmnfpv mtarllptr hui.pnHian 7orr> 




Fn^pmbip mrw/n'i^f^ pytrA<*t immp<iiAtP <innprf mmnipy t\rf\^tK bin.pn/iian ^pilin#^ 
biMciiiwic \.wiivwivc CAua^L II 1 iiiicuiaic >i^iicu i-v/iii^iwA V^UCu wiU'Cllulcli] LclliriU 


C Y 1 /LA C D 


uiDwfiiMic ^ui ivuivc cAuaLL iiiiiiicuiaic ^(^iicu LuiiifjiCA uLucu oiQ^criQian noor 


C /^^Kl VI/" z. yi Kl D 


ciucifiuic ^uFivuivc cauci^i iiiuncviiciic di^nctj conipiCA vwUcq Diu'Cnuian ricarcSi 








Pncpmblp fom/nh/p pvtrsrt immpHiAfp ^inn^ci fnmnlpy h\/tpc litrlp.pnHLan /"mlin/^ 


h.LUrsl.A.I.C.o.r.L 


ciiMTiiiiJic Lunvv/ivc CAuaLL irnmcuiaLc si^nca uOinpicA oyics iiiuc~cnuion nooi 


t.CONXI.C.o.N.L 


cfucrnuic tonvonre cauoli uiiiiieuiaic signcu compicA uyies iiuiC'Cnuian ncaicsc 


c.LUNJC.I.C.o.Z.L 


Ciocmijic cunvwivc cAUdtL ii iirricuicic mQiicu cornpicA uylcS iiLuc~cnGlan Zero 


E.CONXi.C. 1 6.C.L 


Ensemble convolve extract ifninediate ^i^t)^ complex doublets little-endian ceiling 


t.CUN.A.I.C. 1 o.F.L 


ciueiTUjfc ranvwivc CAUon intnieaiciie signcu complex oouoieis iiuie-enoian noor 




Ensemt>le convolve extraa immediate signed complex dout>lets little-endian nearest 


E.CONXI.C.16.Z.L 


Ensemble convolve extraa immediate signed complex doublets little-endian zero 


E.CONXI.C.32.C.L 


Ensemble convolve extract immediate signed complex quadlets little-endian ceiling 


E.CONX/.C32.F.L 


Ensemble convolve extract immediate signed complex quadlets little-endian floor 


E.CONXI.C.32.N.L 


Ensemble convolve extraa immediate signed complex quadlets little-endian nearest 


E.CON.X.I.C.32.Z.L 


Ensemble convolve extraa immediate signed complex quadlets little-endian zero 


E.CONXI.C.64.C.L 


Ensemble convolve extract immediate signed complex octiets little-endian ceiling 


E.CONXI.C.64.F.L 


Ensemble convolve extraa immediate signed complex octiets little-endian floor 


E.CONXI.C.64.N.L 


Ensemble convolve extraa immediate signed complex octiets little-endian nearest 


E.CONXI.C.64.Z.L 


Ensemble convolve extraa immediate signed complex ocdets little-endian zero 


E.CONXI.8.C.B 


Ensemble convolve extraa immediate signed t>ytes big-endian ceiling 


E.CONXI.8.F.B 


Ensemble convolve extraa immediate signed bytes big-endian floor 


E.CONXI.8.N.B 


Ensemble convolve extraa Immediate liqned bytes big-endian nearest 


E.CONXI.8.Z.B 


Ensemble convolve extract Immediate signed bytes big-endian zero 


E.CONXI.16.CB 


Ensemble convolve extraa immediate signed doublets big-endian ceiling 
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E.CONXI.I6.F.B 


Ensemble convolve extraa immediate signed doublets big-endian floor 


E.CONXI. 1 6.N.B 


Ensemble convolve extract immediate signed doublets big-endian nearest 


E.CONXI. 1 6.Z.B 


Ensemble convolve extract immediate signed doublets big-endian zero 


E.CONXI.32.CB 


Ensemble convolve extract immediate signed quadlets big-endian ceiling 


E.CON.X.I.32.F.B 


Ensemble convolve extract immediate signed quadlets btg-endian floor 


E.CON.X.1.32.N.B 


Ensemble convolve extract immediate signed quadlets t}ig-endlan nearest 


E.CONXI.32.Z.B 


Ensemble convolve extract immediate signed quadlets big-endian zero 


E.CONXI.64.CB 


Enseml^e convolve extract immediate signed octlets big-endian ceiling 


E.CONXI.64.F.B 


Ensemble convolve extract immediate signed octlets big-endian floor 


E.CONXI.64.N.B 


Ensemble convolve extract immediate signed octlets big-endian nearest 


E.CONXI.64.Z.B 


Ensemble convolve extract immediate signed octlets big-endian zero 


E.CONXI.8.CL 


Ensemble convolve extract immediate signed bytes little-endian ceiling 


E.CONXI.8.F.L 


Ensemble convolve extract immediate signed b/tes little-endian floor 


E.CONXI.8.N.L 


Ensemble convolve extract immediate signed tsytes little-endian nearest 


E.CONXI.8.Z.L 


Ensemble convolve extract immediate signed bytes little-endian zero • 


E.CONXI. 1 6.C.L 


Ensemt>le convolve extract immediate signed doublets little-endian ceiling 


E.CONXI. I6.F.L 


Ensemble convolve extract immediate signed doublets little-endian floor 


E.CONXI. 16.N.L 


Ensemble convolve extraa immediate signed doublets little-endian nearest 


E.CON.XI. 1 6.Z.L 


Ensemble convolve extract immediate signed doublets little-endian zero 


E.CON.XI.32.C.L 


Ensemble convolve extract immediate signed quadlets little-endian ceiling 


E.CONXI.32.F.L 


Ensemble convolve extract immediate signed quadlets little-endian floor 


E.CONXI.32.N.L 


Ensemble convolve extrart immediate signed quadlets little-endian nearest 


E.CON.XI.32.Z.L 


Ensemble convolve extraa immediate signed quadlets little-endian zero 


E.CONXI.64.CL 


Ensemble convolve extract immediate signed octlets little-endian ceiling 


E.CONXI.64.F.L 


Ensemble convolve extract immediate signed octlets little-endian floor 


E.CONXI.64.N.L 


Ensemble convolve extract immediate signed octlets little-endian nearest 


E.CONXI.64.Z.L 


Ensemble convolve extract immediate signed octlets little-endian zero 


E.CONXI.M.8.CB 


Ensemble convolve extract immediate mixed-signed bytes big-endian ceiling 


E.CONXI.M.8.F.B 


Ensemble convolve extraa immediate mixed-signed bytes big-endian floor 


E.CONXI.M.8.N.B 


Ensemble convolve extraa immediate mixed -signed bytes big-endian nearest 


E.CONXI.M.8.Z.B 


Ensemble convolve extract immediate mixed-signed bytes big-endian zero 


E.CONXI.M. 1 6.C.B 


Ensemble convolve extract immediate mixed-signed doublets big-endian ceiling 


E.CONXI.M. 1 6.F.B 


Ensemble convolve extraa immediate mixed-signed doublets big-endian floor 


E.CONXI.M. 16.N.B 


Ensemble convolve extraa immediate mixed-signed doublets big-endian nearest 


E.CONXI.M. 1 6.Z.B 


Ensemble convolve extraa immediate mixed-signed doublets big-endian zero 


E.CONXI.M.32.C.B 


Ensemble convolve extraa immediate mixed-signed quadlets t)ig-endlan ceiling 


E.CONXI.M.32.F.B 


Ensemble convolve extraa Immediate mixed-signed quadlets big-endian floor 


E.CONXI.M.32.N.B 


Ensemble convolve extraa immediate mixed-signed quadlets big-endian nearest 


E.CONXI.M.32.Z.B 


Ensemble convolve extraa immediate mixed-signed quadlets big-endian zero 


E.CONXI.M.64.C.B 


Ensemble convolve extract immediate mixed-signed octlets big-endian ceiling 


t.L.urJ.A.I.Ivi.o4.r.D 


Enspmbl^ convQh/^ extract tmmfvliAtp mivMl.cinnMl nrH#^ hir«-»nHian fl#v«r 

^< i^v.! i lui^ ^x/i iwivc ^Aua^i 11 i II 1 icuidkc 1 1 IMCW 3IUI icu UWUCU UlU CTHJlafl floor 


E.CONXI.M.64.N.B 


Ensemble convolve extraa immediate mixed-signed octlets big-endian nearest 


E.CONXI.M.64.Z.B 


Ensemble convolve extraa immediate mixed-signed octlets big-endian zero 


E.CONXI.M.8.C.L 


Ensemble convolve extraa immediate mixed-signed bytes little-endian ceiling 


E.CONXI.M.8.F.L 


Ensemble convolve extraa immediate mixed-signed bytes little-endian floor 


E.CONXI.M.8.N.L 


Ensemble convolve extraa immediate mixed-signed bytes little-endian nearest 
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Ensemble convofve extract immediate mixed-signed bytes little-endian zero 


F roM y 1 M 1 A r~ F 

Cv-v-ziM^.I JVI. 1 O.V^.L 


Ensemble convolve extract Immediate mixed-signed doublets little-endian ceiling 


F TDM y 1 M 1 A P 1 


Ensemble convolve extract immediate mixed-signed doublets little-endian floor 


F <^OM Y f ^^ 1 A M I 


Ensemble convolve extract immediate mixed-sianed doublets little-endian nearer 


F (^nM Y 1 ^J1 1 A 7 J 


Ensemble convolve extract immediate mixed-signed doublets little-endian zero 




Ensemble convolve extract immediate mixed-signed quadlets little-endian ceiling 




Ensemble convolve extract immediate mixed-signed quadlets little-endian floor 


F f^r^M Y 1 ^^ ^7 M 1 


Ensemble convolve extract immediate mixed-signed c|uadlet5 little-endian nearest 


F (^OM Y 1 Nil ^7 7 1 


Ensemble convolve extract immediate mixed-signed quadlets little-endian zero 


F rOM y f M A4. r~ 1 


Ensemble convolve extract immediate mixed-signed octlets little-endian ceiling 


F CC^Ki Y 1 M Ad. P 1 


Ensemble convolve extract immediate mixed-signed octlets little-endian floor 


F ^^OM Y 1 KA Ad. M 1 


Ensemble convolve extract immediate mixed-signed octlets littJe-endian nearest 


F Cr\hi Y I hA Ad 7 r 


Ensemble convolve extract immediate mixed-signed octlets little-endian zero 


F TDM Y 1 1 1 P r" R 


Ensemble convolve extract immediate unsigned bytes big-endian ceiling 


F rOM Y 1 N P P R 


Ensemble convolve extract immediate unsigned bytes big-endian floor 




Ensemble convolve extract immediate uruigned t>ytes big-endian nearest 


F Y 11 1 1 A Q 


Ensemble convolve extract Immediate unsigned doublets big-endian ceiling 


p rr^K\ Y 1 1 1 1 A P D 


Ensemble convolve extract immediate unsigned doublets big-endian floor 


P Y 1 1 1 1 A M □ 


Ensemble convolve extract immediate un^aned doublets t>ia*endian nt>^rf»^t 




Ensemble convofve extract immediate unsigned quadlets big-endian ceiling 


P ^OM Y 1 I 1 37 C D 


Ensemble convolve extract Immediate unsigned ^\j3<^\Gts big-endian floor 


P ^/^M Y 1 1 1 77 Nl D 


Ensemble convolve extract immediate unsigned quadlets big-endian nearest 


P Y 1 1 f Ad. D 


Ensemble convolve extract immediate unsigned octlets big-endian ceiling 


P i^r^Kt Y 1 I 1 Ad C D 


Ensemble convolve extract immediate unsioned octlets bia-endian floor 


P VIII itd. M D 


Ensembte convolve extract immediate unpinned octleK hrn^endL^n np;^rp^ 


P /"OM Y 1 i 1 Q 1 


Ensemble convofve extr3ct immedi3te unsigned bytes Iittle*endi3n ceiiinQ 


P ^^Nl Y 1 1 1 Q C 1 


Ensemble convolve pxtract immediate urxiinftR^i bvte^ littlf^endian floor 


P t^r^Kt Y 1 1 1 Q M 1 


Ensemble convolve extract immediate unsioned bvtes little-endian nearest 


P Y 1 1 1 1 A ^ 1 


Ensemble convolve extract immediate unsian^ti doublets little-endian reilina 


P r"OM Y 1 1 1 1 A C 1 


Ensemble convolve extract immediate unsigned doublets little-endian floor 


P tTWl Y 1 1 1 1 A Nl 1 


Ensemble convolve extract immediate unsigned doublets littJe-endian nearest 


ECON^ 1 U 32 C L 


Ensemble convolve extraa immediate unsigned quadlets little-endian ceiling 


E.CONXI.U.32.F.L 


Ensemble convolve extract immediate unsigned quadlets little-endian floor 


E.CONXI.U.32.N.L 


Ensemble convolve extract immediate unsigned quadlets little-endian nearest 


E.CONXI.U.64.C.L 


Ensemble convolve extract immediate un^gned octlets little-endian ceiling 


E.CONXI.U.64.F.L 


Ensemble convolve extract immediate unsigned octlets UtUe-endian floor 


E.CONXI.U.64.N.L 


Ensemble convolve extract immediate unsigned octlets little-endian nearest 
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Format 

E.op,size.rnd rd@rc,rb,i 
rd=eopslzernd(rd,rc,rb,i) 

31 24 23 18 17 12 11 6 5 4 3 2 10 

I E'OP I rd I rc I rb I sz Ir^^dHh] 

8 6 6 6 2 2 2 

sz 4- log(slze) - 3 

sh 4- size + 7 - log(size) - i 

Description 

The contents of registers rd and rc are catenated, as specified by the order parameter, and 
used as a first value. A second value is the contents of register rb. The values are partitioned 
into groups of operands of the size specified and are convolved, producing a group of 
values. The group of values is rounded, and limited as specified, yielding a group of results 
which is the size specified. The group of results is catenated and placed in register rd. 

Z (zero) rounding is not defined for unsigned extract operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 

The order parameter of the instruction specifies the order in which the contents of registers 
rd and rc are catenated. The choice is significant because the contents of register rd is 
overwritten. When littie*endian order is specified, the contents are catenated so that the 
contents of register rc is most significant (left) and the contents of register rd is least 
significant (right). When big-endian order is specified, the contents are catenated so that the 
contents of register rd is most significant (left) and the contents of register rc is least 
significant (right). 
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An ensemble-convolve-extract-immediate-doublets instruction (ECON.X.I16, 
ECON.XJM16, or ECON.X.IU16) convolves vector [xwvutsrqponmlkji] with 
vector [h g f e d c b a], yielding the products [ax+bw+cv+du+et+fs+grH-hq ... 
as+br+cq+dp+eo+fn-l-gm+hl ar+bq+cp+do+en+fm+gl+hk 
aq+bp+co+dn+em+fl+gk+hj], rounded and limited as specified: 



2S5 rc M rd 1256) o 




128 rcl(128| o 

Ensemble convolve extract immediate doublets 
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An ensemble-convolve-extract-immediate-complcx-doublets instruction (ECON.X.IC16) 
convolves vector [xwvutsrqponmlkji] with vector [h g f e d c b a], yielding the 
products [ax+bw+cv+du+et+fs+gr+hq ... as-bt+cq-dr+eo-fp+gm-hn 

ar+bq+cp+do+en+fm+gl+hk aq-br+co-dp+em-fn+gk+hl], rounded and limited as 
specified: 



255 



rc M rd |256) 



o I o I o I o I o 






••".W.V.I- '■ 






o 


0 


127 






m 




o 


0 








B 


B 


o 


0 








B 


1 ^ 


o 


o 


rb 




BB 


B 


0 


o 


o 


(128) 




BB 


B 


o 


o 


0 






BD 


D 


o 


o 


o. 




IBB 


0 1 o 


» 


o 


o 


o 


0 



128 rd(128| 0 

Ensemble convolve extract immediate complex doublets 



Definition 

def mul|size,h,vs,v,l,ws,wj) as 

mul Kvs&Vsize-I+i)^-''^^ I I ^size^UiJ * ((ws&Wsize-I+/"'*^^ I I Wsi2e-l+j..j) 
enddef 

def EnsembleConvolveExtractlmmedlate(op,rnd,gsize,rd,rc,rb,sh) 
d 4- RegReadfrd, 128) 
c <- RegReadfrd, 128) 
b 4- RegRead|rb, 128) 
Igsize log(gsize) 
wsize ^128 
msize <- 256 
vsize ^128 
case op of 

E.CONXI.B, E.CONXI.U.B. E.CONXI.M.B, E.CONXI.CB: 
m <- d M c 

E.CONXI.L E.CpNXI.U.U E.CONXI.M.U E.CONXI.CL 
m c M d 
endcase ^ 
case op of 

E.CONXI.U.B, ECONXI.U.L 
as ^ ms bs <- false 
E.CONJ(.I.M.B, E.CONXI.M.L 
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ms <- false 
as <- bs <- true 
E.CONXI.B, E.CONXI.L, ECONXLC.B, E.CONXI.CL: 
as <- ms bs 4- true 

endcase 

h <r- |2*gsrze) + 7 - Igsize 
r ^ h - size - sh 
for i <- 0 to wsize-gsize by gsi'ze 
q(OJ <- o2*gs»zef7-Igsize 

for j 4- 0 to vsize-gsize by gsize 
case op of 

E.CONXI.B, E.CONXI.U E.CONXI.M.B, ECONXI.M.U 
E.CONXI.U.B, E.CONXI.U.L 

q[i+gslzej <- q[jj + mul(gsize,h,ms,m,i+l28-j,bs,bj) 
E.CONXI.C.B, E.CONXI.CL 

if (-1) & j & gsize = 0 then 

q[j+gsizej <~ q[j] + mul(gsize,h,ms,mj+l28-j,bs,bj) 

else 

q[j+gsizej ^ q[jj - mul(gsize,h,ms,m,i+l28-j+2*gslze,bs,bj) 

endif 

endcase 
endfor 



p <- qfvsizej 
case rnd of 



none, N: 




s <- 


II -pr 1 1 pj;-> 


Z: 




s 




F: 




s <- 


Oh 


C: 




s 


Qh-r 1 1 |r 


endcase 





V <- ((as & ph.i)llp) + (01 Is) 
»f (Vh.,r+gsize = |as & Vr+gsize-l)^'"'''^^'^^ then 
3gsize-l+i.j* ^ "igsize- \+r..T 

else 

agsize-l+u ^ as 7 (Vh II -vg^ize-l) . , gsize 

endif 
endfor 

ai27..wsize 0 
RegWrltefrd, 128. a) 
enddef 

Exceptions ^ 

none 
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Ensemble Convolve FloatinQ-point 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 



E.CON.F.I6.B 


Ensemble convolve floating-point half big-endian 


E.CON.F.16.L 


Ensemble convolve floating-point half little-endian 


E.CON.F.32.B 


Ensemble convolve floating-point single big-endian 


E.CON.F.32.L 


Ensemble convolve floating-point single little-endian 


E.CON.F.64.B 


Ensemble convolve floating-point double big-endian 


E.CON.F.64.L 


Ensemble convolve floating-point double little-endian 


E.CON.CF.I6.B 


Ensemble convolve complex floating-point half big-endian 


E.CON.C.F.I6.L 


Ensemble convolve complex floating-point half little-endian 


E.CON.C.F.32.B 


Ensemble convolve complex floating-point single big-endian 


E.CON.C.F.32.L 


Ensemble convolve complex floating-point single little-endian 


E.CON.C.F.64.B 


Ensemble convolve complex floating-point double big-endian 


E.CON.C.F.64.L 


Ensemble convolve complex floating-point double little-endian 



Format 

E.op.sfze.order rd=rc,rb 
rd=eopsizeorder(rd/c,rb) 

3J 2423 1817 mj 65 Q 

I E.size I rd I rc I rb I op.order | 

8 6 6 6 6 

Description 

The first value is the catenation of the contents of register rd and rc, as specified by the 
order parameter. A second value is the contents of register rb. The values are partitioned 
into groups of operands of the size specified. The second values are multiplied with the first 
values, then summed, producing a group of result values. The group of result values is 
catenated and placed in register rd. 
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An ensemble-convolve-floating-point-half-little-endian instruction (E.CON.R16X) 
convolves vector [xwvutsrqponmlkji] with vector [h g f e d c b a], yielding the 
products [ax+bw+cv+du+et+fs+gr+hq ... as+br+cq+dp+eo+fn+gm+hl 
ar+bq+cp+do+en+fm+gl+hkaq+bp+co+dn+em+fl+gk+hj]: 



155 rcl Ird {256) o 




128 rd(128) o 

Ensemble convolve floating-point half little-endian 
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A ensemble-convolve-complex-floating-point-half-little-endian instruction 

(E.CON.C.F.16.L) convolves vector [xwvutsrqponmlkji] with vector [h g f e d c b 
a], yielding the products [ax+bw+cv+du+et+fs+gr+hq ... as-bt+cq-dr+eo-fp+gm-hn 
ar+bq+cp+do+en+fm+gl+hk aq-br+co-dp+em-fn+gk+hl]: 



25S rcl Ird 12S6| o 




128 rd|128| o 



Ensemble convolve complex floating-point half little-endian 

Definition 

def mul(si2e,vj,wj) as 

mul fmul(F(si2avsize-l+Li).F(size,Wsize-l+j..jJ) 
enddef 

def EnsembleConvolveFloatingPoint(op,gsi2e.rd,rc,rb) 
d ^ RegRead(rd, 128) 
c ir- RegRead(rc, 128) 
b <- RegRead(rb, 128) 
Igsize <- log(gsize) 
wsize 128 
msize 256 
vsize <- 128 
case op of 

E.CON.F.B, E.CON.C.F.B: 

m 4- d I I c 
E.CON.F.U ECON.CF.L : 
m <- c I I d 

endcase 

for i 0 to wslze-gslze by gsize 

//NULL value doesn't combine with zero to alter sign bit 
q(OJ.t 4- NULL 

for j <- 0 to vsize-gsize by gsize 
case op of 

E.CONF.L E.CONF.B: 
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q(j+gsize] fadd(q[jj, mul(gsizemi+l28-j,bj)) 
E.CONCF.L, E.CONCF.B: 

if (-i) & j & gsize = 0 then 

qO+gsizeJ <- fadd|q[j], mul(gsize,m,i+128-j,bj)) 

else 

q(j+gsizej f5Ub(q[j], mul(gsize,m,i+128-j+2*gsize,bj)) 

endif 

endcase 
endfor 

3gsize-l+i..i PackF|gsi2e,qIvsizeI,N) 
endfor 

ai27..wsize <- 0 
RegWriteIrd, 128, a) 
enddef 

Exceptions 

none 
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Ensemble Extract 



These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in a fourth register. 

Operation codes 



E.MULJ< 


Ensemble multiply extract 


E.EXTRACT 


Ensemble extract 


ESCAL^DDX 


Ensemble scale add extract 



Fornnat 

E.opra=rd,rcjb 

ra=gop(rd,rcjb) 
31 



24 23 



18 17 



12 11 



6 5 



8 



rd 



rc 



rb 



ra 



Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Bits 31. .0 of the contents of register rb specifies several parameters which control the 
manner in which data is extracted, and for certain operations, the manner in which the 
operation is performed. The position of the control fields allows for the source position to 
be added to a fixed control value for dynamic computation, and allows for the lower 16 bits 
of the control field to be set for some of the simpler extract cases by a single GCOPYT.128 
instruction. The control fields are further arranged so that if only the low order 8 bits are 
non-zero, a 128-bit extraction with truncation and no rounding is performed. 

31 24 23 16 15 14 13 12 11 109 8 0 

I fsize i dpos |x|s|n|rr| l|rnd| gssp | 

8 8 111112 9 
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The table below describes the meaning of each label: 



label 


bits 


meanina 


fsize 


8 


field size 


doos 


8 


d^^titiPitinn D05ition 


X 


I 


reserved 


5 


1 


signed vs. unsigned 


n 


I 


complex vs. real multiplication 


m 


1 


merge vs. extract or mixed-sign 
vs. same-sign multiplication 


1 


1 


limit: saturation vs. truncation 


rnd 


2 


roundjng 


gssp 


9 


group size and source position 



The 9-bit gssp field encodes both the group size, gsize, and source position, spos, 
according to the formula gssp = 512-4*gsi2e+spos. The group size, gsize, is a power of 
two in the range 1..128. The source position, spos, is in the range 0..(2*gsi2e)-l. 

The values in the s, n, m, 1, and md fields have the following meaning: 



values 


s 


n 


m 


1 


rnd 


0 


unsigned 


real 


extrac^/same-sign 


truncate 


F 


1 


signed 


complex 


merge/mixed-sign 


saturate 


z. 


2 










N 


3 










C 



For the E.SCAL.ADD.X instruction, bits 127..64 of the contents of register rc specifies the 
multipliers for the multiplicands in registers ra and rb. Specifically, bits 64+2*gsize- 
1..64+gsize is the multiplier for the contents of register ra, and bits 64+gsize-1..64 is the 
multiplier for the contents of register rb. 
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An ensemble-multiply-extract-doublets instruction (E.MULX) multiplies vector ra [h g f e d 
c b a] with vector rb [p o n m 1 k j i], yielding the result [hp go fn em dl ck bj ai], rounded 
and limited as specified by rc3|..o- 



127 rc(128) 0 
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An ensemble-multiply-extract-doublets-complex instruction (E.MUL.X with n set) multiplies 
operand [hgfedcbajby operand [p o n m 1 k j i], yielding the result (gp+ho go-hp en+fm 
em-fn cl+dk ck-dl aj+bi ai-bj], rounded and limited as specified. Note that this instruction 
prefers an organization of complex numbers in which the real part is located to the right 
(lower precision) of the imaginary part.: 



127 




127 



rb|128| 



128 rd|128) 0 

Ensemble complex multiply extract doublets 



An ensemble-scale-add-extract-doublets instruction (E.SCAL.ADD.X) multiplies vector ra 
[hgfedcba] with rc95.,80 M and adds the product to the product of vector rb [p o n m 1 k 
j i] with rc79..64 [q], yielding the result [hr+pq gr+oq fr+nq er+mq dr+lq cr+kq br+jq 
ar+iq], rounded and limited as specified by rc3i„0- 



127 rcH128) o 




128 ra|128| o 



Ensemble scale add extract doublets 

An ensemblc-scale-add-extract-doublets-complex instruction (E.SCLADD.X with n set) 
multiplies vector rapigfedcba] with rci27..96 [t s] and adds the product to the product 
of vector rb [p o n m 1 k j i] with rc95..64 [r q], yielding the result [hs+gt+pq+or gs-ht+oq-pr 



-239- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Ensemble Extraa 



fs+et+nq+mr cs-ft+mq-nr ds+ct+lq+kr cs-dt+kq-lr bs+at+jq+ir as-bt-f iq-jr], rounded and 
limited as specified by rc3i..o- 



127 



rd|128) 



127 




128 ra|128) o 

Ensemble complex scale add extract doublets 

For the E.EXTRACT instruction, when m=0, the parameters are interpreted to select a 
fields from the catenated contents of registers rd and rc, extracting values which arc 
catenated and placed in register ra.: 



fsize -X — spos 




rcllrb 



fsize -►^ dpos — 



Ensemble extract 
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For an ensemble-merge-extract (G.X when m=l), the parameters are interpreted to merge a 
fields from the contents of register rd with the contents of register rc. The results are 
catenated and placed in register ra. 



ffsize 



spos 




rb 



Kiiiii 



^ fsize 

Ensemble merge extract 



rd 



dpos — 



Definition 

def mul(si2e,h,vs,vj,ws,wjj as 
enddef 

def EnsembleExtract|op,ra,rb,rc,rd) as 
d <- RegRead(rd, 128) 
c ^ RegRead(rc, 128) 
b RegRead(rb, 128) 
case b8„o of 
0..255: 

sgsize <r- 128 
256.383: 

sgsize 64 
384..447: 

sgsize 32 
448..479: 

sgsize <- 16 
480..495: 

sgsize i- 8 
496..503: 

sgsize 4 
504..507: 

sgsize <- 2 
508..5n: 

sgsize <- I 

endcase 
l<- bn 
m bi2 
n <- b|3 
signed ^ bt4 
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case op of 

E.EXTRACT: 

gsize <- sgsize 
h (2-m)*gsl2e 
as <- signed 

spos ^ (b8..o) and ((2-m)*gsize- 1 ) 
E.SCALADDX- 

if (sgsize < 8) then 

gsize <- 8 
elseif (sgsize*(n+I) > 32) then 

gsize ^ 32/(n+I) 

else 

gsize <- sgsize 

endif 

ds cs signed 
bs <- signed m 
as signed or m or n 
h (2*gsize) + 1 + n 
spos ^ (ba.o) 3nd (2*gslze-l) 
E.MULJC: 

if (sgsize < 8) then 

gsize 8 
elseif (sgsize*(n+ 1 ) > 128) then 

gsize l28/{n+l) 

else 

gsize sgsize 

endif 

ds. signed 

cs <- signed m 

as <- signed or m or n 

h <- (2*gsize) + n 

spos <- (b8..o) and {2*gsi2e-I) 

endcase 

dpos (0 II b23„i6) and (gsize- 1) 
r ^ spos 

sfsize <- (0 II b3i.24) and (gsize- 1) 

tfsize ^ {sfsize = 0) or ((sfsizevdpos) > gsize) 7 gsize-dpos : sfsize 
fsize ^ (tfsize + spos > h) 7 h - spos : tfsize 
(bio..9 = Z) and not as then 
rnd ^ F 

else 

rnd <- bio..9 ' 

endif 

f or i ^ 0 to 128-gsize by gsize 
case op of 

E.EXTRACT: 
if m then 

P dgsizefi-I..i 

else 

p 4- (d II c)2*(gsizefi)-I..2*i 

endif 
E.MULX- 

if n then 
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if (i and gsize) = 0 then 

p mul|gsize,h,ds.dj,cs,cj) - mul(gsi2e,h,ds,d,l+size,cs,cj+slze) 

else 

p 4- mul(gsize,h,ds,d,i.cs,c,i+si2e) + mul(gslze,h,ds,aUs,cJ+si2e) 

endif 

else 

p mul(gsize.h,ds,d,UsxJ) 

endif 
E.SCALADDX- 
if n then 

if (i and gsize) = 0 then 

p <- mul(gsi2e,h,ds,dj,bs,b,64+2*gsize) 
+ mul(g5ize,hxs,cj,bs,b,64) 

- mul(gsi2e,h,ds,dj+gsize,bs,b,64+3*gsize) 

- mul(gsi2e,h,cs,ci+gsi2e,bs,b,64+gsi2e) 

else 

p <- mul(gsi2e,h,ds,dj,bs,b,64+3*gsi2e) 
+ mul(gsize,h,cs,cj,bs,b,64+gsize) 
+ mul(gslze,h,ds,dj+gsize,bs,b,64+2*gsi2e) 
+ mul(gsi2e,h,cs,c>gsize,bs,b,64) 

endif 

else 

p ^ mul(gsize,h,ds,d,i,bs,b,64+gsize) + mul(gsize.h,cs,cj,bs,b,64) 

endif 

endcase 
case rnd of 
N: 

s ^ O^-r II -pr II p['^ 



Z: 

F: 
C: 



s 0^-^ I I pf,., 
s 0*1 

s ^ O'^-'' I I I'' 



endcase 

V ((as & ph.i)llp) + (Oils) 

»f (Vh..r+fsize = (as & Vr+fsize-i)'^^*''"^^'^^) or not (I and (op =: E.EXTRACT)) then 
w (as & Vr+fsize-l)95*^^-^^*^^-^P^^ I I Vfsize-i+r.x I « O^^pos 

else 

w ^ (s ? (Vh II -vfls>ze-dpos-l| . igsize-dposj | | Qdpos 

endif 

if m and (op = E.EXTRACT] then 

3size- 1 <~ Cgslze-IH.dpos-i'fsizeH * I Wdpos+f5ize-l..dpos I I Cdpos-l+l..i 

else 

3sjze-l+i..i ^ w 

endif 
endfor 

RegWrite(ra, 128, a) 



enddef 
Exceptions 

none 
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Ensemble Extract Immediate 

These operations take operands from two registers and a short immediate value, perform 
operations on partitions of bits in the operands, and place the concatenated results in a third 
register. 



Operation codes 



E.EXTRACT.I.8.C 


Ensemble extract immediate signed bytes ceiling 


E.EXTRACT.I.8.F 


Ensemble extract immediate signed bytes floor 


E.EXTRACT.i.S.N 


Ensemble extract immediate signed bytes nearest 


E.EXTRACT.I.8.Z 


Ensemble extract immediate signed bytes zero 


E.EXTRACT.I.16.C 


Ensemble extract Immediate signed doublets ceiling 


E.EXTRACT.1. 1 6.F 


Ensemble extract immediate signed doublets floor 


E.EXTRACT.1. 1 6.N 


Ensemble extract immediate signed doublets nearest 


E.EXTRACT.1. 1 6.Z 


Ensemble extract immediate signed doublets zero 


E.EXTRACT.I.32.C 


Ensemble extract immediate signed quadlets ceiling 


E.EXTRACT.I.32.F 


Ensemble extract immediate signed quadlets floor 


E.EXTRACT.I.32.N 


Ensemble extract immediate signed quadlets nearest 


E.EXTRACT.I.32.Z 


Ensemble extract immediate signed quadlets zero 


E.EXTRACT.I.64.C 


Ensemble extract immediate signed octlets ceiling 


E.EXTRACT.L64.F 


Ensemble extract immediate s\qn^<i octlets floor 


E.EXTRACT.I.64.N 


Ensemble extract immediate signed octlets nearest 


E.EXTRACT.I.64.Z 


Ensemble extract immediate signed octiets zero 


E.EXTRACT.I.U.8.C 


Ensemble extract immediate unsigned bytes ceiling 


E.EXTRACT.I.U.8.F 


Ensemble extract immediate unsigned bytes floor 


E.EXTRACT.I.U.8.N 


Ensemble extraa immediate unsigned bytes nearest 


E.EXTRACT.I.U. 1 6.C 


Ensemble extract immediate unsigned doublets ceiling 


E.EXTRACT.I.U.16.F 


Ensemble extract immediate unsigned doublets floor 


E.EXTRACT.I.U. 1 6.N 


Ensemble extract immediate unsigned doublets nearest 


E.EXTRACT.I.U.32.C 


Ensemble extract immediate unsigned quadlets ceiling 


E.EXTRACT.I.U.32.F 


Ensemble extract immediate unsigned quadlets floor 




ciodiiuie cAuawi iiiiiiiciJiaiiC un»i^ncu CfUauicu ncarcSi 


E.EXTRACT.I.U.64.C 


Ensemble extract immediate unsigned octlets ceiling 


E.EXTRACT.I.U.64.F 


Ensemble extract immediate unsigned octlets floor 


E.EXTRACT.J.U.64.N 


Ensemble extract immediate unsigned octlets nearest 


E.MULXI.8.C 


Ensemble multiply extract Immediate signed bytes ceiling 


E.MULXI.8.F 


Ensemble multiply extract immediate signed bytes floor 


E.MULXI.8.N 


Ensemble multiply extraa immediate signed bytes nearest 


E.MULX.I.8.Z 


Ensemble multiply extract immediate signed bytes zero 


E.MULXI.I6.C 


Ensemble multiply extraa immediate signed doublets ceiling 


E.MULXI.16.F 


Ensemble multiply extract immediate signed doublets floor 


E.MULXI.16.N 


Ensemble multiply extraa immediate signed doublets nearest 


E.MULXJ.I6.Z 


Ensemble multiply extract immediate signed doublets zero 


E.MULXI.32.C 


Ensemble multiply extract immediate signed quadlets ceiling 


E.MULXI.32.F 


Ensemble multiply extraa immediate signed quadlets floor 
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t.MUL.AJ.32.N 


Ensembfe multiply extract immediate signed quadlets nearest 


C h Jit II V 1 -y 

h./vIULX.I.32.Z 


Ensemble multiply extract immediate signed quadlets zero 


t.lvlULXI.64.C 


Ensemble multiply extract immediate signed octlets ceiling 


h.lV1ULXI.64.F 


Ensemble multiply extraa immediate signed octfets floor 


E.MULXI.64.N 


Ensemble multiply extract immediate signed octlets nearest 


ill II V/l/>l^ 

E.MULXI.64.Z 


Ensemble multiply extract immediate signed octlets zero 


^ K )li II \/ 1 ^ ^ 

C.MULXI.C.8.C 


Ensemble multiply extract immediate complex bytes ceiling 


P K ill II V/ 1 ^ O f~ 

E.MULXI.C.8.F 


Ensemble multiply extract immediate complex bytes floor 


c.MULXI.C.o.N 


Ensemble multiply extract immediate complex tiytes nearest 


C KAt II V 1 O T 

E./vIUlXI.Co.Z 


Ensemble multiply extract immediate complex bytes zero 


C Rill 11 V/ 1 /~ 1 / ^ 

E.MULXl.C.1 6.C 


Ensemble multiply extract immediate complex doublets ceiling 


1^ Kill II \/ 1 ^ 1 r r- 

E.MULXI.C 1 6.F 


Ensemble multiply extract immediate complex doublets floor 


r* R ill It \/ ■ x~ « r k I 

E.MULXI.C 1 6.N 


Ensemble multiply extract immediate complex doublets nearest 


r- Rill II v/ 1 /~ 1 / *Tr 

E.MULX.I.C. 1 6.Z 


Ensemble multiply extract immediate complex doublets zero 


^ ft ill II i ^ 

E.MULXI.C32.C 


Ensemble multiply extract immediate complex quadlets ceiling 


^Riiiii \y t r 

E.MuLj(.I.C.32.F 


Ensemble multiply extract immediate complex quadlets floor 


^hiiiii \xi^"^'^Ki 

E.MULXI.C.32.N 


Ensemble multiply extract immediate complex quadlets nearest 


r" K ill II V/ 1 ^ ^ ^ 

E./vIULX.I.C.32.Z 


Ensemble multiply extract immediate complex quadlets zero 


^ ill II \y i ✓ A ^ 

E.lvlULXI.C.64.C 


Ensemble multiply extract immediate complex octlets ceiling 


^ K ill If V/ 1 f A 

E.lvlULXI.C.64.F 


Ensemble multiply extract immediate complex octlets floor 


E.MULXI.C.64.N 


Ensemble multiply extraa immediate complex octlets nearest 


E.MULXI.C.64.Z 


Ensemble multiply extract immediate complex ocdets zero 


E.MULX1.M.8.C 


Ensemble multiply extract immediate mixed-signed t>ytes ceiling 


E.MULXI.M.8.F 


Ensemble multiply extraa immediate mixed-signed bytes floor 


^* A ill It \/ 1 ^ » r\ ^ t 

E.MULXI.M.8.N 


Ensemble multiply extract immediate mixed-signed bytes nearest 


E.MULXI.M.8.Z 


Ensemble multiply extract immediate mixed-signed bytes zero 


E.MULXI.M. 1 6.C 


Ensemble multiply extraa immediate mixed-signed doublets ceiling 


^ ft ill If \^ t m. m * * r~ 

E.MULXI.M. 1 6.F 


Ensemble multiply extraa immediate mixed-signed doublets floor 


E.MULXI.M. 16.N 


Ensemble multiply extract immediate mixed-signed doublets nearest 


^ ft ill ii V/ t ft A 4 ^ ^ 

E.MUL.X.I.M. 1 6.Z 


Ensemble multiply extraa immediate mixed-signed doublets zero 


f ft^f II V^l ft« ^ 

E.MULXI.M.32.C 


Ensemble multiply extract immediate mixed-signed quadlets ceiling 


^ ft iifl il W 1 ft « r~ 

E.MULXLM.32.F 


Ensemble multiply extraa immediate mixed-signed quadlets floor 


P ft Jl 11 V/ 1 ft A *^ & • 

E.MULX.I,M.32.N 


Ensemble multiply extract immediate mixed-signed quadlets nearest 


^ ft ill 11 VX 1 ft ft ^ *V 

E.MULXI.M.32.Z 


Ensemble multiply extract immediate mixed-signed quadlets zero 


ft ill II \/ 1 ft 4 X ^ ^ 
E.MULXI.M.64.C 


Ensemble multiply extraa immediate xt\\x'^''%\^ri^<l octlets ceiling 


fTftillll V/lftJXilf~ 

E.MUL.X.I.M.64.F 


Ensemble multiply extract immediate mixed-signed octlets floor 


^ ft ill ■ 1 V/ f ft A ^ il & • 

E.MULXI.M.64.N 


Ensemble multiply extract immediate mixed-signed octlets nearest 


^ ft 41 11 V/ 1 ft J y il ^ 

E.MULXI.M.64.Z 


Ensemble multiply extract immediate mxeA'V^qn^<^ octlets zero 


E.MULX.I.U.8.C 


Ensemble multiply extraa immediate unsigned bytes ceiling 


^ ft 4 ■ It III A ^ 

E.MULXI.U.8.F 


Ensemble multiply extraa immediate unsigned tsytes floor 




Ensemble multiolv extract immediate unsian^ fai/tpc nrar^Kt 


E.MULXI.U.16.C 


Ensemble multiply extract immediate unsigned doublets ceiling 


E.MULXI.U. 1 6.F 


Ensemble multiply extraa immediate unsigned doublets floor 


E.MULXI.U.16.N ' 


Ensemble multiply extract immediate unsigned doublets nearest 


E.MULXI.U.32.C 


Ensemble multiply extract immediate unsigned quadlets ceiling 


E.MULXI.U.32.F 


Ensemble multiply extract immediate unsigned quadlets floor 
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E.MULX.I.U.32.N 


Ensemble multipty extract immediate unsigned quadiets nearest 


E.MULX.I.U.64.C 


Ensemble multiply extract immediate unsigned octlets ceiling 


E.MULXI.U.64.F 


Ensemble multiply extract immediate unsigned octlets floor 


E.MULX.I.U.64.N 


Ensemble multipty extraa immediate unsigned octlets nearest 


Format 

E.op.size.rnd rd=rc,rbj 
rd=eopsizernd(rc,rb,i) 

31 24 23 


18 17 12 11 6 5 4 3 2 1 0 


1 E.op 1 


rd 1 rc 1 rb 1 sz irnd| sh | 


8 


6 6 6 2 2 2 


sz <r- log(size) - 3 
case op of 





E.EXrRAGr.l, E.EXTRACT.I.U E.MULXI, E.MULXI.U E.MULXI.M: 
assert size > i > size-3 
sh size - i 



E.MULXI.C: 

assert size^\ > I > size-2 
sh <- size +1-1 

endcase 

Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified and multiplied, added or subtracted, or are catenated and partitioned into operands 
of twice the size specified. The group of values is rounded, and limited as specified, yielding 
a group of results, each of which is the size specified. The group of results is catenated and 
placed in register rd. 

For mixed-signed multiplies, the contents of register rc is signed, and the contents of register 
rb is unsigned. The extraction operation and the result of mixed-signed multiplies is signed. 

Z (zero) rounding is not defined for unsigned extract operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. i 
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An ensemble multiply extract immediate doublets instruction (E.MULXI.16 or 
E.MUL.X.LU.16) multiplies operand [hgfedcba]by operand [p o n m 1 k j i], yielding the 
products [hp go fn em dl ck bj ai], rounded and limited as specified: 




? ® I ^ I ^ ^ 

JfN yextrac^ X\ jgxtracy ^ X\ yxftracy ^ X\ exUacy ^ 



\ejc^racy^ ^^exUac^ 



I hp I go I fn I em I dl I ck | bj | ai | 

Ensemble multiply extract immediate doublets 

Another illustration of ensemble multiply extract immediate doublets instruction 
(E.MUL.X.I.16 or E.MUL.X.LU.16): 



127 



rc|1281 




127 



rb|128) 



128 rd(128) 0 

Ensemble multiply extract immediate doublets 
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An ensemble multiply extract immediate complex doublets instruction (E.MULXIC.16 or 
E.MUL.X.LU.16) multiplies operand [hgfedcba]by operand [p o n m 1 k j i], yielding the 
result [gp+ho go-hp en+fm em-fn cl+dk ck-dl aj+bi ai-bj], rounded and limited as specified. 
Note that this instruction prefers an organization of complex nximbers in which the real part 
is located to the right (lower precision) of the imaginary part.: 

h I g I f i e I d I c I b I n 




X \extrac5 /^ X^ ^xtracy ^ X\ yxtrac^ ^\ ejctrac^ 



\ f xtracy ^ I \ extrac5 / \ extracy ^ 



\ extracy ^ 



|gp»h€|go-hp|Bn»fnfjem fn|cl»dk| cKkII | aj^bi [ ai bj 

Ensemble multiply extract immediate complex doublets 



Another illustration of ensemble multiply extract immediate complex doublets instruction 
(E.MUL.X.LC16 or E.MUL.X.LU.16).: 



rc(128) 



127 




rb|128) 



12S 



rd(128) o 

Ensemble multiply extract immediate complex doublets 
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Definition 

def mul(si2e,h,vs,vj,ws,wj) as 

mul ((vs&vsize-l+l)^-^'^^ I I Vsize-l+iJ * ((ws&Wsize-l+/'^*^^ I I Wsi2e-l+j..j) 
enddef 

def EnsembleExtractlmmediate(op,rnd,size,ra,rb,rc,5h) 
c <~ RegRead(rc, 128) 
b RegRead(rb, 128) 
case op of 

E.EXTRACT.I, E.MULX.I, E.MULJCJ.C: 
as 4- I 
cs <- I 
bs <- I 
E.MULXJ.M: 
as <- I 
cs <- 0 
bs <- I 
E.EXTRACT.I.a E.MULXI.U: 
as <- I 
. cs <- 0 
bs 0 

if rnd = Z then 

raise Reservedlnstructlon 

endif 

endcase 
case op of 

E.EXTRACT.I, E.EXTRACT.I.U E.MULXI, E.MULXJ.a E.MULX.I.M: 

h <- 2*size 
E.MULX.I.C: 

h |2*size) + I 

endcase 

r <- h - size - sh 
for i ^ 0 to 128-size by size 
case op of 

E.EXTRACTJ, E.EXTRACT.I.U: 

p <- (c II b)2*(size+i)-l..2*l 
E.MULX.I, E.MULX.I.M, E.MULXJ.U: 

p <- mul{size,h,cs,ci,bs,bj) 
E.MULXI.C: 

if i & size = 0 then 

p <- mul(size,h,cs.cj,bs,bj) - mul(size,h,cs,CH-size,bs,b>slze) 

else 

p ^ mul(si2e,h,cs,cj,bs,b,i+size) + mul(size,h,csxJ,bs.b>size) 

endlf 

endcase 
case rnd of 
none. N: 

s <r- 0^-^ II -pr I I F^-^ 

Z: 

s<-Oh-r I I pf,,, 

F: 
C: 
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endcase 

v<- Has & Ph-i)Mp) + (Oils) 
»f (Vh..r+size = (as & Vr+size-l)'^'"'''^'^^ then 
3size-1+i..i Vsize-l+r..r 

else 

asize-1+i..i <- as ? (Vh I I -vjj^e-l, . ,size 

endif 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Reservedlnstruction 



-250- 



MicroUnity 



Zeus System Architecture Tue, Aug 1 7, 1 999 Instruction Set 

Ensemble Extraa Immediate Inplace 



Ensemble Extract Immediate Inplace 

These operations take operands from two registers and a short immediate value, perform 
operations on partitions of bits in the operands, and place the catenated results in a third 
register. 



Operation codes 



F Ml if Ann y I r Rr 

civile L^L7L/^.I.Vi..O.^ 


Ensemble multiply add extract immediate signed cofnplex bytes ceiNriQ 


F Ml 11 Ann Y 1 r" Q P 


Ensemble multiply add extract immediate signed complex bytes floor 


F Ml If Ann Y 1 Q M 


Ensemble multiolv add extract imm^diat^ cinnpH rnmnlpy Kwtm n^ztr^t 


F Ml II Ann V \ r Q v 


Ensemble multiDh/ add extract immediate sinn^ romnipy hvr^c 7prn 


F Ml II Ann Y 1 ^ 1 A 


Ensemble multiolv add Pxtrart tmmfvliptfp 'cinnprJ rnmnlpv rfmiKtlPtr ^oilinn 


F \At 11 Ann V 1 1 /i c 
c.JVIULyMJU.A.I.(^. 1 O.r 


Ensemble multtDiv eicici extr^rt immpHistp cinnp^^ ^/^mnlpy tKiptv fir\r\w 


F Ml 11 Ann V 1 1 M 

C./VIULyMJUJv.l.iw. 1 O.N 


Ensemble multioiv add extract immpdipri* cinnpd mmnt»y rtmiKiArc nAarAc* 


F Mf II Ann Y 1 /~ 1 A 7 


Ensemble multlDh/ add extract immpdi^itf* cinnml rnmnlmr dm ihtot* 70m 


F Ml If Ann 'V I on n 


Ensemble multlDh/ add extr^rt immpdiPtP cinrtpH rr^mrtlpv m i7»/il^tr roiiir^n 


F hAi fi Ann Y 1 ^ "7 c 


Ensemble multiDh/ add extrart immpdi^tp cinnpd rnmnipv /71 laHi^fc finf^r 


F hAi II Ann V 1 o"? M 


Ensemble multioiv add extrart immpdi^fp cinnpd rrimnipy /n laHlpfr noarAct 


F Ml II Ann Y 1 "3*7 7 


Ensemble multiDh/ add extract immediatp cinnpd mmnlpy mudipfc 70m 

bi i.*^! liMis iiiMiu^Mjr awM w%U Cikl HIIIIiwuKllC Milieu kUlli^ICA UUclUfCU £KfV 


c hAt II Ann V 1 


Ensemble multiolv add pxtrprt immpdbifp cinnpd mmniAv rw^iofr roiiinn 


c A^i II Ann V 1 itA c 


Ensemble multinix/ Add pxtr^rt iminpdiAtP vinnpH rrtmniov nr-tiotc f)/\i^r 


c A>ii II Ann w \ i A ki 


cii^diiLnc iiiuiu^iy duu cAucf(.i iiTirncuiaic 5iyncu compicx ocucis ncaresi 


C Kyil II Ann V 1 ILA "7 


Ensemble muitinh/ add r^ytrsui immpdiafp cinn«v4 i^nmnlav n^Ha*« vArn 
tiociiiuic iiiuiufjiy ouu cAuowL ifiiincuKnc signeu complex OCUcCS ZcTO 


t.MULyXDDXI.M.o.C 


crociiiuic iiiuiupiy auu cauocl iiiiiiieaiacc miAca*signeu oyics ceiiinu 


c K^i i| Ann V 1 iv>i o IT 


Fn^emblp muitinh/ Add pxtrjirt immpdiafp miypd_ci/irtoH Kt/for fi/<tr\p 
tiiijciiiuic iiiuiu^iy ouu cAuoLi iiiiiiicuiaici iniAcci'Si^neu uyies noor 


c ^^l II Ann v i K/t o m 


Ensemblp miiltinh/ Add pytrscf immpdiatp miypw.ct^nAH Kt/tar na^rar^ 


c Ayii II Ann v i liii o t 


Ensemble muitinh/ Add pxtrsirt immpdiAfp miyArl-ci^nA/4 hutor vArA 
duc^iiiuic iiiijiu|i/iy auM cauoll iiiiiiicuiaur iriiAcvi''5iQncu ovicS zero 


c \A\ II Ann V 1 R>i 1 z. 


Pncpmhfp miilHnh/ Add pvtrArt immp/iiAfp mivoH.ciyinAH HMi«KiAt« ^AiitMM 
tiiidiiuic iiiuiupiy (3UU CAUoLL iirimcuiaic miAcO'Sl^ncu OOUDICiS CeilinO 


c iv>ii II Ann V 1 A>i 1 z. c 
t.iVIULyMJU«A.I.A/1. 1 o.r 


{•nCPmtltp ini llf inK/ A/1H ^vtrzkrt immArtiatA rvitva^ ri^r%A^ iKIa*^ fl^n^ 

ciiacinuic iiiuiufjiy duu cau<](.i iiiif iicuiaic mixcu-si^ncQ QOUDieo iioor 


c KA% If A r^r^ \/ I KM 1 K 1 

cMULrdJuXA.M. 1 o.N 


di>ciiii/ic inuiupiy auu cauoll iiiiiiicuiaic mixeu'SigneQ aouoicu nearest 


c A>ii II Ann V 1 AA 1 z. T 
t.MULJ\UuXAM. 1 6.Z 


ciiiciiiuic rnuiupiy ouu cauckl immcoiqic miACu*SiQneu uOUOieiS ZCrO 


E.MULj^DD^ I M 32 C 


Ensemble multiply add extraa immediate mixed-signed quadlets ceiling 


E.MUL>\DDXI.M.32.F 


Ensemble multiply add extraa immediate mixed-signed quadlets floor 


E.MUL^DXI.M.32.N 


Ensemble multiply add extraa immediate mixed-signed quadlets nearest 


E.MULADDXI.M.32.Z 


Ensemble multiply add extraa immediate mixed-signed quadlets zero 


E.MUL>\DDXI.M.64.C 


Ensemble multiply add extraa immediate mixed-signed octlets ceiling 


E,MULy\DDXI.M.64.F 


Ensemble multiply add extraa immediate mixed-signed octiets floor 


E.MUL>\DDXI.M.64.N 


Ensemble multiply add extraa Immediate mixed-signed octlets nearest 


E.MULADDXI.M.64.Z 


Ensemble multiply add extraa immediate mixed-signed octlets zero 


E.MUL>\DDXI.8.C 


Ensemble multiply add extraa immediate signed tDytes ceiling 


E.MUL>\DDXI.8.F 


Ensemble multiply add extraa immediate signed bytes floor 


E.MUL>\DDXI.8.N 


Eruemble multiply add extraa immediate signed bytes nearest 


E.MULADDXI.8.Z 


Ensemble multiply add extract immediate signed tjytes zero 


E.MUL>\DDXI.16.C 


Ensemble multiply add extraa immediate signed doublets ceiling 


E.MULj^DDXJ.I6.F 


Ensemble multiply add extract immediate signed doublets floor 
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c.MUL^DDXI. 1 6.N 


Ensemble multiply add extract immediate vl^^ doublets nearest 


E.IvIUlj^DDXI. 1 6.Z 


Ensemble multiply add extract immediate signed doublets zero 


t.lvlULj^DDXI.32.C 


Ensemble multiply add extract immediate signed guadlets ceiling 


^ ft ill 1 1 A r^r% \x 1 ~» ^ 

t.MULy\DDXI.32.F 


Ensemble multiply add extract immediate signed guadlets floor 


E,MUL>\DDXI.32.N 


Ensemt)le multiply add extract immediate signed quadlets nearest 


^ Kill II A r^r^ \y i 

t.Iv1uLy\DDXI.32.Z 


Ensemble multiply add extract Immediate signed quadlets zero 


FT Rill II A r>r> V/ \ f A ^ 


Ensemble multiply add extract Immediate signed octiets ceiling 


^ ft ill 11 A r^r^ \ f A r 

E.MULy\DDXI.64.F 


Ensemble multiply add extract immediate signed octiets floor 


ft 41 11 A r^FN vx ■ / ii L 1 

E.MUL.ADDXI.64.N 


Eruemble multiply add extract Immediate signed octiets nearest 


^ ft ill II A r*>r^ V/ 1 X >i ^ 

E,lvlULy\DDXI.64.Z 


Ensemble multiply add extract Immediate signed octiets zero 


E.MULj^DDXI.U.S.C 


Ensemble multiply add extract immediate unsigned tsytes ceiling 


ft ill 11 A r^r% vx 1 1 1 

E.MULj^DDXI.U.S.F 


Ensemble multiply add extract immediate unsigned t>ytes floor 


^ ft ill tl A r^FN vy I 1 1 n Ik 1 

E.MUL-ADDXI.U.8.N 


Ensemble multiply add extract immediate unsigned bytes nearest 


^ ft ill 1 1 A vx 1114/ 

E.MULj^DDXMJ. 1 6.C 


Ensemble multiply add extract immediate unsigned doublets ceiling 


^ ft 41 11 A r^r% V/ III « / r 

E.MULyVDDXI.U. 1 6.F 


Ensemble multiply add extract immediate unsigned doublets floor 


r* ft 41 11 A r**N r~\ XX 1 1 1 4 X Ik 1 

E.MuLADDXI.U. 1 6.N 


Ensemble multiply add extract immediate unsigned doublets nearest 


p Ml II Ann Y 1 M ^7 ^ 


Ensemble multiply add extract immediate unsigned quadlets ceiling 


E.MUL7\DDXI.U.32.F 


Ensemble multiply add extract immediate unsigned quadlets floor 


E.MUL7\DDXI.U.32.N 


Ensemble multiply add extract immediate unsigned quadlets nearest 


E.MULADDXI.U.64.C 


Ensemble multiply add extract immediate unsigned octiets ceiling 


E.MUL>\DD.X.I.U.64.F 


Ensemble multiply add extract immediate unsigned octiets floor 


E.MUL>MDDXI.U.64.N 


Ensemt>le multiply add extract immediate unsigned octiets nearest 



Format 

E.op.size.rnd rd@rc,rb,i 
rd=eopsizernd(rd,rcjbJ) 

31 24 23 



18 17 



rd 



rc 



12 11 



6 5 4 3 2 1 0 

l«lrnd»h 

6 2 2 2 



rb 



sz <- log(size) - 3 
case op of 

E.MUL>\DDXI: 

sh <- size - i - I 
E.MULADDXI.U. E.MULADDXI.M, E.MULj^DDXI.C: 
sh size - i 

endcase 



Description 

The contents of registers rc and rb are partitioned into groups of operands of the size 
specified and multiplied, added or subtracted, or are catenated and partitioned into operands 
of twice the size specified. The contents of register rd are partitioned into groups of 
operands of the size specified and sign or zero ensemble and shifted as specified, then added 
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to the group of values computed. The group of values is rounded, and limited as specified, 
yielding a group of results which is the size specified. The group of results is catenated and 
placed in register rd. 

For mixed-signed multiplies, the contents of register rc is signed, and the contents of register 
rb as unsigned. The extraction operation, the contents of register rd, and the result of mixed- 
signed multiplies are signed. 

Z (zero) rounding is not defined for unsigned extract operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 

An ensemble multiply add extract immediate doublets instruction (E.MUL.ADD.X.I,16 or 
E.MUL.ADD.X.LU.16) multiplies operand [hgfedcbajby operand [p o n m 1 k j i], then 
adding [x w v u t s r q], yielding the products (hp+x go+w fn+v em+u dl+t ck+s bj+r ai+q], 
rounded and limited as specified: 




|hp»x|go»w| fn»v |em»u| di»t | ck^s | bj»r | ai4.q | 

Ensemble multiply add extract immediate doublets 
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Another illustration of ensemble multiply add extract immediate doublets instruction 
(E.MUL.ADDXI.16 or E.MULj\DD.X.LU.16): 



127 



rc(128| 



127 




rb|1281 



128 



rd(128| 0 

Ensemble multiply add extract immediate doublets 
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An ensemble multiply add extract immediate complex doublets instruction 
(E.MUL.ADD.X.LC.16 or G.MUL.ADD.X.LU.16) multipUes operand [hgfedcba]by 
operand [p o n m 1 k j i], then adding [x w v u t s r q], yielding the result [gp+ho+x go-hp+w 
en+fm+v em-fn+u cl+dk+t ck-dl+s aj+bi+r ai-bj+q], rounded and limited as specified. 
Note that this instruction prefers an organization of complex numbers in which the real part 
is located to the right ^ower precision) of the imaginary part: 




yjf ^ \e3rtracy ^ \^exl 

\exftrac^ ^\ex^^acy^ ^X^exftracy^ 



Ensemble multiply add extract immediate complex doublets 
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Another illustration of ensemble multiply extract immediate complex doublets instruction 
(E.MUL.ADD.X.I.C.16).: 



127 




rb|128) 



128 rd(128) 0 

Ensemble multiply add extract immediate complex doublets 



Definition 

def mul(slze,h,vs.vj,ws,wj) as 

mul <r- ((vs&Vsize-i+i)^-^'2^ I I Vsize-l+Li) * ((ws&Wsize-l+j)^*^*^^ i I Wsize.|+j.j) 
enddef 

def EnsembIeExtractfmmediatelnplace(op,md,slze/d/c,rb,sh) 
d ^ RegRead(rd, 128) 
c <- RegRead(rc, 128) 
b ^ RegReadfrb, 128) 
case op of 

EMULADDXX E.MULADDXI.C: 
ds ^ I 
cs ^ 1 
bs I 
E.MULADDXI.M: 
d$ 4- 1 
cs <- 0 
bs 1 
E.MULADDJ(.I.U: 
ds <- 0 
cs <- 0 
bs ^ 0 

if rnd = Z then 

raise Reservedlnstruction 

endif 

endcase 



.256- 



MicroUnity 



Zeus System Architecture Tue, Aug 1 7, 1 999 Instruction Set 

Ensemble Extract Immediate Inpiace 

case op of 

EMULADDXX E.MULADDXI.U, E.MULADDXI.M: 

h <- 2*s\ze + 1 
E.MULADDX1.C: 

h (2*size) + 2 

endcase 

r <- h - size - sh - I - (cs and bs) 
for i <- 0 to 128-size by size 

di 4- {(ds and d-^s\ze-\]^'^^^''^ I (df+size- IJ) I lO"^) 
case op of 

E.MULADDXI, EMULADD.X.LM, E.MULADDXI.U: 

p <- mul(size,h,cs,ci,bs,b,i) + di 
E.MUL>\DDXI.C: 

if i & size = 0 then 

p <- mul|size,h,cs,ci,bs,bj) - mul(size,hxs,ci+size,bs,b,i+size) + di 

else 

p mul|slze,h,cs,ci,bs,bj+size) + mul(size,h,cs,c,i,bs,bj+size) + di 

endif 

endcase 

r case rnd of 



none. N: 




s <- 0*1-'^ I 1 


-Pr 1 1 Pf-' 


Z: 




5 <_ Qh-r 1 1 

F: 




s <- O'' 




C: 




s 0^'-'' 1 1 




endcase 




V <- ((ds & Ph-l)l Ip) + 


(Oils) 



(Vh..r+size = (ds & Vr+size-ij^'-^-size tj^gn 
3size-l+iJ ^ Vsi2e-l+r..r 

else 

asize-l^iJ ds ? |Vh I I - vfi^e-I) ; jsize 

endif 
endfor 

RegWritejra 128, a) 
enddef 

Exceptions 

Reservedlns traction 
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Ensemble Floating-point 

These operations take two values from registers, perform a group of floating-point 
arithmetic operations on partitions of bits in the operands, and place die catenated results in 
a register. 



Operation codes 



E7^DD.F.16 


Ensemble add floating-point half 


E>\DD.F.16.C 


Ensemble add floating-point half ceiling 


E^D.F.I6.F 


Ensemble add floating-point half floor 


E>VDD.F. 1 6.N 


Ensemble add floating-point half nearest 


EJ\DD.F.]6X 


Ensemble add floatina-ooint half exact 


E>\DD.F.I6.Z 


Ensemble add floating-point half zero 


E>\DD.F.32 


Ensemble add floating-point single 


EADD.F.32.C 


Ensemble add floating-point single ceiling 


EADD.F32.F 


Ensemble add floating-point single floor 


EADD.F.32.N 


Ensemble add floatina-ooint sinnle nMrp^f 


Ey\DD.F.32J( 


Ensemble add floatina-ooint ^inn\R px^rt 


E>\DD.F.32.Z 


Ensemble add floatina-noint ^innlp y^rn 


E>\DD.F.64 


Ensemble add floatina-onint douhlp 


E>\DD.F.64.C 


Ensemble add floatina-nnint riouhl** CRillnn 


Ey\DD.F.64.F 


Ensemble add floatina-ooint doublp floor 


E>\DD.F.64.N 


Ensemble add floatina-ooint double nearest 


E>\DD.F.64J( 


Ensemble add floatina-ooint doublp exart 


E>\DD.F.64.Z 


Ensemble add floatina-ooint double zero 


Ey\DD.F.I28 


Ensemble add floatina-ooint auad 


E>\DD.F. 1 28.C 


Ensemble add floatina-ooint oupid ceilina 


E>\DD.F.I28.F 


Ensemble add floatina-nnint auad floor 

^1 I.4V«I 1 1 Wl^ CIL<i LJ 1 IWOLJI lU L^WII 1 L WIUCIU 1 IWwl 


Ey\DD.F.I28.N 


Ensemble add floatina-ooint nuad nearest 


E>\DD.F.128J< 


Ensemble add floatina-noint nuari exarf 


E>\DD.F,128.Z 


Ensemble add floatinn-nninf nijarl 7Prr» 


E.DIV.F.16 


Ensemble divide floating-point half 


E.DIV.F.I6.C 


Ensemble divide floating-point half ceiling 


E.DIV.F.I6.F 


Ensemble divide floating-point half floor 


E.DIV.F.16.N 


Ensemble divide floating-point half nearest 


E.DIV.F.16J< 


Ensemble divide floating-point half exact 


E.DIV.F.I6.Z 


Ensemble divide floating-point half zero 


E.DIV.F.32 


Ensemble divide floating-point single 


E.DIV.F.32.C 


Ensemble divide floating-point single ceiling 


E.DIV.F.32.F 


Ensemble divide floating-point single floor 


E.DIV.F.32.N 


Ensemble divide floating-point single nearest 


E.DIV.F.32J< 


Ensemble divide floating-point single exact 


E.DIV.F.32.Z 


Ensemble divide floating-point single zero 


E.DIV.F.64 


Ensemble divide floating-point double 


E.DIV.F.64.C 


Ensemble divide floating-point double ceiling 
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F ni\/ P Ad p 


cnsemoie oiviue nodting-point douDle floor 


F ni\/ F Ad M 


Ensemble divide floating-point double nearest 


F ni\/ F Ad Y 


Ensemble divide floating-point double exact 


F ni\/ P Ad "7 


Ensemble divide floating-point double zero 


F ni\/ F 1 7fl 


cnsemoie ciiviae noating-point quad 


F ni\/ F 1 7P r 


Ensemble divide floating-point quad ceiling 


F ni\/ F 1 7fl P 


Ensemble divide floating-point quad floor 


F ni\/ F 1 7P M 


Ensemble divide floating-point quad nearest 


F ni\/ P 1 7Q Y 


Ensemble divide floating-point quad exact 


F ni\/ P 1 7Q 7 


Ensemble divide floating-point quad zero 


F Ml If r P 1 A 


tnsemoie mumpiy complex tloating-point half 


F Ml If P "3 7 
C.lVHJL.V^.rOZ 


Ensemble multiply complex floating-point single 


P Mf /I P Ad 


Ensemble multiply complex floating-point double 


P N^l II P 1 >^ 
C.lVIUL.r. 1 O 


Ensemble multiply floating-point half 


F \A{ W P 1 A 


Ensemble multiply floating-point half ceiling 


F ^^l 11 P 1 A P 
CJVlUL.r. 1 O.r 


tnsemoie multiply floating-point half floor 


P II p 1 A M 

t.lVIUL.r. I o.lM 


Ensemble multiply floating-point half nearest 


p ^^l II p 1 A Y 
C.lVIUL.r. 1 o Jv 


Ensemble multiply floating-point half exact 


F KA\ \\ P 1 A 7 
C.lVIUL.r. 1 O.Z, 


Ensemble multiply floating-point half zero 


t.MUL.r.Jz 


Ensemble multiply floating-point single 


P ^>ll II c "a"? r" 
t.MUL.r.Jz.L 


Ensemble multiply floating-point single ceiling 


P KA\ II P 07 C 
C.iVIUL.r.oZ.r 


Ensemble multiply floating-point single floor 


P N/ll II C 07 M 

t.MUL.r.Jz.N 


Ensemble multiply floating-point single nearest 


C N>ll II C O "> V 

b.MUL.r.oZwA 


Ensemble multiply floating-point single exact 


P KVII If C 77 7 

c.MUL.r.oz.Z 


Ensemble multiply floating-point single zero 


P K>ll II C 

t.iVIUL.r.o4 


Ensemble multiply floating-point double 


C.lVIUL.r, o'f.Q. 


Ensemble multiply floating-point double ceiling 


C ll>ll If C l^A c 

c.MUL.r.o^r.r 


Ensemble multiply floating-point double floor 


c.lVIUL.r.o*f.iN 


Ensemble multiply floating-point double nearest 


P N>ll 11 C Z.^ V 

c.MUL.r.o^fJC 


Ensemble rx\u\X\pi^ floating-point double exact 


p ^>ll II c /.A "7 
c.MULr.o'l'.Z 


Ensemble multiply floating-point double zero 


E.MULFJ28 


Ensemble multiolv floatinn-nninf nupid 


E.MULF.I28.C 


Ensemble multiply floating-point quad ceiling 


E.MULF.128.F 


Ensemble multiply floating-point quad floor 


E.MULF.I28.N 


Ensemble multiply floating-point quad nearest 


E,MULF.I28J( 


Ensemble multiply floating-point quad exact 


EMULF.I2aZ 


Ensemble multiply floating-point quad zero 



Selection 



class 


op 


prec 


round/trap 


add 


EADDF 


16 32 64 128 


NONE C F N X Z 


divide 


EDIVF 


16 32 64 128 


NONE C F N X Z 


multiply 


EMULF 


16 32 64 128 


NONE C F N X Z 


complex multiply 


EMUL.CF 


16 32 64 


NONE 
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E.op.prec.round rd=rcrb 
rd=eopprecround|rc,rb) 

31 24 23 18 17 12 11 65 0 

I E.prec I rd I rc I rb I op,round | 

8 6 6 6 6 

Description 

The contents of registers ra and rb are combined using the specified floating-point 
operation. The result is placed in register rc. The operation is rounded using the specified 
rounding option or using round-to-nearest if not specified. If a rounding option is specified, 
the operation raises a floating-point exception if a floating-point invalid operation, divide by 
zero, overflow, or underflow occurs, or when specified, if the result is inexact. If a rounding 
option is not specified, floating-point exceptions are not raised, and are handled according to 
die default rules of IEEE 754. 

Definition 

def mul(size,vxwj) as 

mul ir- fmul(F(si2e,Vsize-l+Li).F(si2e,Wsi2e-!+j..j)) 
enddef 

def EnsembleFloatingPoint(op,prec,round,ra,rbjc) as 
c <- RegReadfrc, 128) 
b <- RegRead(rb, 128) 
for i 0 to 128-prec by prec 
ci <- F(preccM.prec-l..il 
bi F(precbH.prec-l,.i) 
case op of 
E-ADD.F: 

ai faddr(ci,bLround) 
E.MULF: 

ai 4- fmul(ci,bi) 
E.MULCF: 

if {i and prec) then 

ai <- fadd(mul(prec,c,i,bj-prec), mul(prec,ci-prec,bj')) 

else 

ai <- fsub(mui(prec,c.J,bJJ, mul(precci+precbj+prec)) 

endif 
E.DJV.F.: 

ai <- fdiv|ci,bi) 

endcase 

^Kprec-l..i ^ PackFfprec, ai, round) 
endfor 

RegWrlte(rd, 128, a) 
enddef 

Exceptions 

Floating-point arithmetic 
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Ensemble Inplace 

These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in the third register. 



Operation codes 



E.MULj<\DD.8 


Ensemble multiply signed bytes add doublets 


EMULj^DD. 1 6 


Ensemble multiolv staned doublets add nuadlpt^ 


EMULy\DD.32 


Ensemble multiolv s'loned auadlets add octlets 


EMULy\DD.64 


Ensemble multiolv sianed octlets add hexlet 


EMUL>\DD.C8 


Ensemble multipty complex bytes add doublets 


EMUL>\DD.C 1 6 


Ensemble multiolv comolex doublets add auadlptc 


EMUL>\DD.C.32 


Ensemble multiolv comolex auadlets add ortlet^ 


EMULj^DD.M.8 


Ensemble multiolv mixGd'Slon&ci bvtes add douhlet^ 


EMULj^DDM 16 


Ensemble multiolv mixed-sianed douhlet^ add nij^difafc 


EMUL-ADD M 32 


Ensemble multinlv mlx&ci'^ion^ci nuadlet^ add nrtiptx 


EMUL>\DD M 64 


Ensemble multiolv mixed-5ianed orflef^ add hpylpt 


EMULADD U 8 


Ensemble multiolv un^ion&d bvtes add dnuhlet^ 


EMULy\DD U 1 6 


Ensemble multiolv un^lon^d doiihlet? add nuadlptc 

iaJVai 1 iwiw iiiwiu|>^iy ui ului iku uuut^iCL3 ouu UUOUIC^) 


E MULj^DD U 32 


Ensemble multiolv un^ion^d nu^dlRt^ add nrtlptc 


E MULj^DD U 64 


Ensemble multinlv iinKinnf^h nrflptc add hpvlpt 


EMULSUB8 


Ensemble multinlv ^innp^ hvtpc ihtrarf dm iHlpfc 


EMULSUB 16 


Ensemble multiolv sianed doublets ^uhtr^ct nti^rit^t^ 


E.MUL.SUB.32 


Ensemble multiply signed quadlets subtract octlets 


E.MUL.SUB.64 


Ensemble multiply signed oalets subtraa hexlet 


E.MULSUB.C.8 


Ensemble multiply complex bytes subtraa doublets 


E.MULSUB.C16 


Ensemble multiply complex doublets subtraa quadlets 


E.MULSUB.C32 


Ensemble multiply complex quadlets subtraa oalets 


E.MUL.SUB.M.8 


Ensemble multiply mixed-signed bytes subtract doublets 


E.MULSUB.M.16 


Ensemble multiply mixed-signed doublets subtraa quadlets 


E.MULSUB.M.32 


Ensemble multiply mixed-signed quadlets subtraa octiets 


E.MULSUB.M.64 


Ensemble multiply mixed-signed oalets subtract hexlet 


E.MULSUB.U.8 


Ensemble multiply unsigned bytes subtract doublets 


E.MUL.SUB.U.I6 


Ensemble multiply unsigned doublets subtract quadlets 


E.MULSUB.U.32 


Ensemble multiply unsigned quadlets subtract octiets 


E.MULSUB.U.64 


Ensemble multiply unsigned oalets subtract hexlet 



Selection 



class 


op 


type 


prec 


muitipiy 


E.MUL>\DD 
E.MULSUB 


NONE M U 


8 16 32 64 


complex multiply 


c 


8 16 32 
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Format 

E.op.si2e rd=rc,rb 
rd=gopsi2e(rd/crb) 

31 24 23 18 17 12 11 65 0 

I E,slze I rd I rc I rb I op I 

8 6 6 6 6 

Description 

The contents of registers rd, rc and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register rd. 

Register rd is both a source and destination of this instruction. 

Definition 

def mul(size,h,vs,vj,ws,wj) as 

mul <- ((vs&vsize-l+i)^"^*^^ I I Vsize- 1+iJ) * ((ws&Wsize-l+j)^'^'^^ I I Wsi2e.I+j.j) 
enddef 

def Ensemblelnplace(op,size,rd,rc,rb) as 
If size=I then 

raise Reservedlnstruction 

endif 

d <r- RegRead(rd, 128) 
c 4- RegRead(rc, I28) 
b RegRead(rb, 128) 
case op of 

EMULJ\DD, E.MULSUB, E.MULADDC E.MULSUBC: 

CS <- I 

bs 1 
E.MUL>\DDM, E.MULSUBM: 

cs <- 0 

bs <r- I 

E.MULADDU, E.MULSUBU: 
cs <- 0 
bs 0 

endcase 

h ^ 2*size 

for i <- 0 to 64-size by size 

di d2*(i+size)-I..2*i 
case op of 

E.MUL>\DD, E.MUL>\DDU E.MULADDM: 

p mul(si2e,h,cs.cj\bs,b,i) + di 
EMULj^DDC: 

if i & size = 0 then 

p <~ mul|size,h,cs,ci,bs,b,i) - mul(sl2e,h,cs,c,i+si2e,bs,b,i+size) + di 

else 

p ^ mul(si2e,h,cs,ci,bs,b,i+size) + mul(si2e,hxs,ci,bs,b,i+size) + di 

endif 

E.MUL5UB, EMUiSUB.U, E.MULSUB.M: 
p ^ mul(size,h,cs,cj,bs,bj) - di 
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E.MULSUBC: 

if i & size = 0 then 

p <~ mul(size,h,cs,c,i,bs,bj) - mul(si2e,h,cs,c,i+size,bs,b,l+size) - di 

else 

p <- mul(size,h,csxj,bs,b,i+si2e) + mul(si2e,hxs,cf.bs,b,i+size) - di 

endif 

endcase 



32*(i+5ize)-l..2*i <- P 
endfor 

RegWrltelrd, 128, a) 
enddef 

Exceptions 

none 
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Ensemble Inplace Floating-point 

TTiesc operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in the third register. 



Operation code^ 



E MUL j^DD r F 1 A 


cnsemDie muiiipiy aaa complex nodting-point naif 




ciiiemDie muiupiy auu compicX nOdUnQ-pOint SiDQle 


E MUL ADD r F A4. 


cnsemDie mumpiy aaa complex rioating-point double 


E MUL ADD F 1 A 


cnsemDie muiupiy aaa noating-point naif 


F MI Ji Ann F 1 A r 


cnsemoie muinpiy aaa noating-point rialf ceiling 


F MUl Ann F 1 A F 


cnsemoie muiiipiy aaa nodung''point naif floor 


E Ml JI Ann F 1 A M 


cnsemoie muiiipiy aaa noating-point naif nearest 


E Ml JI Ann F 1 A Y 


cnsemuie muiupiy aaa noating-point naif exact 


E MiJi Ann F 1 A 7 


cnsemDie muiupiy aaa rioanng-point half zero 


F Ml JI Ann F ^7 


Ensemble multiply add floating-point single 


F Ml JI Ann F ^7 r 


tnsemoie muiupiy aaa rioating-point single ceiling 


F Ml II Ann F ^7 F 


Ensemble multiply add floating-point single floor 


F Ml II Ann F ^7 M 


Ensemble multiply add floating-point single nearest 


F Ml II Ann F ^7 Y 


Ensemble multiply add floating-point single exact 


F Ml II Ann c ^7 7 


Ensemble multiply add floating-point single zero 


F Ml II Ann F Aj. 


cnsemuie multiply aaa tioating-point double 


F Ml JI Ann F AA 


cnsemoie muiupiy aaa noaung-point double ceiling 


F Ml II Ann F A4. c 


tnsemoie multiply add floating-point double floor 


F Ml II Ann c Ail M 


tnsemoie multiply add floating-point double nearest 


F Ml II Ann F Y 


tnsemoie multiply add floating-point double exact 


F Ml II Ann F Ad. 7 

CI VI u i_.A\L/L/. r . O *r .Z 


tnsemoie multiply add floating-point double zero 


E.MULy\DD.F.128 


Ensemble multiply add floating-point quad 


E.MUL>\DD.F.128.C 


Ensemble multiply add floating-point quad ceiling 


E.MUL>\DD.F.I28.F 


Ensemble multiply add floating-point quad floor 


E.MUL^DD.F.I28.N 


Ensemble multiply add floating-point quad nearest 


E.MULADD.F.I28.X 


Ensemble multiply add floating-point quad exact 


E.MUL>\DD.F.I28.Z 


Ensemble multiply add floating-point quad zero 


E.MULSUB.CF.I6 


Ensemble multiply subtract complex floating-point half 


E.MULSUB.C.F.32 


Ensemble multiply subtract complex floating-point single 


E.MULSUB.C.F.64 


Ensemble multiply subtract complex floating-point double 


E.MULSUB.F.16 


Ensemble multiply subtract floating-point half 


E.MULSUB.F.32 


Ensemble multiply subtract floating-point single 


E.MULSUB.F.64 


Ensemble multiply subtract floating-point double 


E.MULSUB.F.128 


Ensemble multiply subtract floating-point quad 
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Selection 



class 


op 


type 


prec 


round/trap 


multiply add 


E.MUL-ADD 


F 


16 32 64 128 


NONE C F N X Z 


C.F 


16 32 64 


NONE 


multiply subtract 


E.MUL.SUB 


F 


16 32 64 128 


NONE 


CF 


16 32 64 


NONE 



Format 



E.op.size rd®rcjb 
rd=eopsize{rd,rc,rb) 

31 24 23 18 17 12 II 65 0 

I E,sl2e I rd I rc I rb I op I 

8 6 6 6 6 

Description 

The contents of registers rd, rc and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register rd. 

Register rd is both a source and destination of this instruction. 

Definition 

def mul(si2e,vj,wj) as 

mul <- fmul(F{si2e,Vsize.|+Li)*F(size,Wsize.I+j..j)) 
enddef 

def EnsemblelnplaceFfoatingPoint(op,size,rd,rc,rb) as 
d ^ RegReadfrd, 128) 
c <- RegRead(rc, 128) 
b RegRead(rb, 1 28) 
for i 0 to l28-si2e by size 
di <r- F(precdi+prec-lJ 
case op of 

E.MULADD.F: 

ai <- fadd(di, mul(prec,cl,bj)) 
E.MULADD.C.F: 

if (I and prec) then 

ai <- fadd(di, fadd(mul(prec,cj,b,i-prec), mul(c,i-prec,b,i))) 

else 

ai ^ fadd(di, fsub(mul(precci,b,i), mul|preccj+prec,b,i+prec))) 

endif 
E.MULSUB.F: 

ai <- frsub(di, mul|prec,c.i,bj*)) 
E.MULSUB.C.F: 

if (i and prec) then 

ai 4- frsub(di, fadd(mul|prec,cj,b,i-prec), mul(ci-prec,bj))) 

else 

ai <- frsub(di, fsub(mul(prec,cj,b,i), mulfprecci+precb^prec))) 
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endif 

endcase 

«^f+prec-K.i ^ PackFjprec, ai, round) 
endfor 

RegWritefrd, 128, a) 
enddef 

Exceptions 

none 
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Ensemble Reversed Floating-point 

These operations take two values from registers, perform a group of floating-point 
arithmetic operations on partitions of bits in the operands, and place the concatenated 
results in a register. 



Operation codes 



E.SUB.F. 1 6 


Ensemble subtract floating-point half 


E.SUB.F.16.C 


Ensemble subtract floating-point half ceiling 


E.SUB.F.16.F 


Ensemble subtract floating-point half floor 


E.SUB.F. 1 6.N 


Ensemble subtract floating-point half nearest 


E.SUB.F. J 6.Z 


Ensemble subtraa floating-point half zero 


E.SUB.F.16J< 


Ensemble subtract floating-point half exact 


E.SUB.F.32 


Ensemble subtract floating-point single 


E.SUB.F.32.C 


Ensemble subtract floating-point single ceiling 


E.SUB.F.32.F 


Ensemble subtract floating-point single floor 


E.SUB.F.32.N 


Ensemble subtract floating-point single nearest 


E.SUB.F.32.Z 


Ensemble subtract floating-point single zero 


E.SUB.F.32J< 


Ensemble subtract floating-point single exact 


E.SUB.F.64 


Ensemble subtract floating-point double 


E.SUB.F.64.C 


Ensemble subtract floating-point double ceiling 


E.SUB.F.64.F 


Ensemble subtract floating-point double floor 


E.SUB.F.64.N 


Ensemble subtract floating-point double nearest 


E.SUB.F.64.Z 


Ensemble subtract floating-point double zero 


E.SUB.F.64J( 


Ensemble subtract floating-point double exaa 


E.SUB.F.I28 


Ensemble subtract floating-point quad 


E.SUB.F.128.C 


Ensemble subtraa floating-point quad ceiling 


E.SUB.F.128.F 


Ensemble subtract floating-point quad floor 


E.SUB.F.I28.N 


Ensemble subtract floating-point quad nearest 


E.SUB.F.I28.Z 


Ensemble subtract floating-point quad zero 


E.SUB.F.I28J< 


Ensemble subtract floating-point quad exact 



Selection 



class 


op 


prec 


round/trap 


set 


SET. 
E LG 
L GE 


16 32 64 128 


NONE X 


subtract 


SUB 


16 32 64 128 


NONE C F N X Z 
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Format 

E.op.prec.round rd=rb,rc 
rd=eopprecround(rbjc) 

3J 24 23 18 17 12 1 1 65 0 

I E,prec I rd I rc I rb I op.round | 

8 6 6 6 6 

Description 

The contents of registers rc and rb are combined using the specified floating-point 
operation. The result is placed in register rd. The operation is rounded using the specified 
rounding option or using round-to-nearest if not specified. If a rounding option is specified, 
the operation raises a floating-point exception if a floating-point invalid operation, divide by 
zero, overflow, or underflow occurs, or when specified, if the result is inexact. If a rounding 
option is not specified, floating-point exceptions are not raised, and are handled according to 
die default rules of IEEE 754. 

Definition 

def EnsembleReversedFloatingPoint{op,precround,rd/c.rb) as 
c RegRead(rc, 128) 
b ^ RegReadfrb, 128) 
for i ^ 0 to 128-prec by prec 

d F(preccH.prec-tj) 

bi <- F(precbHprec-lj) 

al <- frsubr|ci,-bi, round) 

af+prec-l..! <- PackFfprec, ai, round) 
endfor 

RegWrite(ra 128, a) 
enddef 

Exceptions 

Floating-point arithmetic 
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Ensemble Ternary 



These operations take three values from registers, perform a group of calculations on 
partitions of bits of the operands and place the catenated results in a fourth register. 



Ooeration codes 


E.MULG.8 


Ensemble multiply Galois field byte 


E.MULG.64 


Ensemble multiply Galois field octlet 


Format 






E.MULG.size ra=rd,rcjb 






ra=emulgsize(rd,rcrb) 

31 24 23 


18 17 12 11 6 5 


0 


1 E.MUL.G.sfze | 


rd 1 rc 1 rb 1 


ra 1 


8 


6 6 6 


6 



Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

The contents of registers rd and rc are partitioned into groups of operands of the size 
specified and multiplied in the manner of polynomials. The group of values is reduced 
modulo the polynomial specified by the contents of register rb, yielding a group of results, 
each of which is the size specified. The group of results is catenated and placed in register ra. 
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An ensemble multiply Galois field bytes instruction (E.MULG.S) multiplies operand [dl5 
dl4 dl3 dl2 dll dlO d9 d8 d7 d6 d5 d4 d3 d2 dl dO] by operand [cl5 cl4 cl3 cl2 cll clO 
c9 c8 c7 c6 c5 c4 c3 c2 cl cO], modulo polynomial [qj, yielding die results [(dl5cl5 mod q) 
(dl4cl4 mod q) ... (dOcO mod q): 
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rc(128) 



128 ra(128| o 

Ensemble multiply Galois field bytes 



Definition 

def c <- Po(yMultip|y{size.a,b) as 

p(0] ^ 02*5ize 

for k <- 0 to size- 1 

p|k+lj 4r- p(kj ak 7 (QSKe-k | | b II 0^) : o2*s«e 

endfor 

c p(size] 
enddef 

def c f- PolyResidue(slze,a,b) as 
p(OI <- a 

for k ^ size-1 to 0 by -1 

p[k+I| p(kj - p[OJsize+k 7 (0^'"^^'^ II 1' II b ! I ok) : o2*size 
endfor 

c <- p[si2eJsi3e-i..o 
enddef 

def EnsembleTernary(op,size,rd,rc,rb,ra) as 
d <r- RegReadfrd, 128) 
c RegRead|rc, 128) 
b 4- RegRead(rb, 128) 
case op of 
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E.MULG: 

for i <- 0 to 1 2B'Size by size 

asize- 1 ^ PolyResidue(size,PolyMul{size,Cs,ze- 1 +i J.bsize- 1 Mj^size- 1 
endfor 

endcase 

RegWritefra, 128, a) 
enddef 

Exceptions 



none 
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These operations take three values from registers, perform a group of floating-point 
arithmetic operations on partitions of bits in the operands, and place the concatenated 
results in a register. 

Operation codes 



E.SCAL^D.F.I6 


Ensemble scale add floating-point half 


E.SCAL>\DD.F.32 


Ensemble scale add floating-point single 


E.SCAL>MDD.F.64 


Ensemble scale add floating-point double 



Selection 



1 class 


op 


prec 


1 scale add 


E.SCAL^D.F 


16 32 64 



Format 

E.SCAL-ADD.F.sl2e ra=rd,rcrb 
ra=escaladdfsize(rd,rcrb) 

31 24 23 



18 17 



0£^ 
8 



rd 



rc 



12 II 



6 5 



rb 



ra 



Description 

The contents of registers rd and rc are taken to represent a group of floating-point operands. 
Operands from register rd are multiplied with a floating-point operand taken from the least- 
significant bits of the contents of register rb and added to operands from register rc 
multiplied with a floating-point operand taken from the next least-significant bits of the 
contents of register rb. The results are concatenated and placed in register ra. The results are 
rounded to the nearest representable floating-point value in a single floating-point operation. 
Floating-point exceptions are not raised, and are handled according to the default rules of 
IEEE 754. These instructions cannot select a directed rounding mode or trap on inexact. 

Definition 

def EnsembleFloatingPolntTemary(op,precrd,rcrb,ra) as 
d <- RegRead(rd, 128) 
c RegRead(rc, 128) 
b <- RegReadfrb, 128) 
for I ^ 0 to 128-prec by prec 

dl 4- F(precd|+prec-l..i) 

ci <- F(prec,cj+prec-l..i) 

ai fadd(fmul(dl F(precbprec-i..o)). fmul(ci, F(precb2*prec-l..prec))) 
9i+prec-l..i PackFfprec, ai, none) 
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endfor 

RegWrite(ra, 128, a) 
enddef 

Exceptions 

none 
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Ensemble Unary 

These operations take operands from a register, perform operations on partitions of bits in 
the operand, and place the concatenated results in a second register. 



Operation codes 





cn^dTiDic lug or mosi. signincdni Dit siynea uyies 




cnsernDic log or mosL signiricdni dil signea uouuicts 




tnsemDie log or rnosi signmConL oit signeu qudQiets 




tnsemDie log or mosi signincdnt Dit signeo octiets 


C.LvJVJ.IVlVJ5l . 1 


tinsemDie log or mosc signiricdni oii signeu nexiet 




cnsemoie log or most significant Dit unsigned bytes 


E LOG MOST U 1 6 


Fn^pmhlp Ion nf mn^t ^innifir^nf hit iin^innprl Hmihl^afc 


E.LOG.MOST.U.32 


Ensemble log of most significant bit unsigned quadlets 


E.LOG.MOST.U.64 


Ensemble log of most significant bit unsigned octiets 


E.LOG.MOST.U.128 


Ensemble log of most significant bit unsigned hexlet 


E.SUM.8 


Ensemble sum signed bytes 


E.SUM.I6 


Ensemble sum signed doublets 


E.SUM.32 


Ensemble sum signed quadlets 


E.SUM.64 


Ensemble sum signed octiets 


E.SUM.U.126 


Ensemble sum unsigned bits 


E.SUM.U.8 


Ensemble sum unsigned bytes 


E.SUM.U.16 


Ensemble sum unsigned doublets 


E.SUM.U.32 


Ensemble sum unsigned quadlets 


E.SUM.U.64 


Ensemble sum unsigned octiets 



Selection 



class 


op 


size 


sum 


SUM 


8 16 32 64 


SUM.U 


I 8 16 32 64 


fog most 
significant bit 


LOG.MOST LOG.MOST.U 


8 16 32 64 128 



Format 

E,op.size rd=rc 
rd=eopsize(rc) 

31 24 23 18 17 12 II 65 0 

I E,sl2e I rd i rc I op I E.UNARY | 

8 6 6 6 6 



E.SUM.U.1 is encoded as E.SUM.U.128. 
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Description 

Values are taken from the contents of register rc. The specified operation is performed, and 
the result is placed in register rd. 

Definition 

def EnsembleUnary(op,slze,rd,rc) 
c <- RegRead(rc 128) 
case op of 

E.LOG.MOST: 

for i <- 0 to 128-si2e by size 
'f |c»+sl2e-IJ =0) then 
^i+size- < — ^ 

else 

for j 0 to size- 1 

if Csize-1+Lj+i = (ciiil:^ I I not Cji^e,,^,) then 
Sf+size-IJ *~ j 

endif 
endfor 

endif 
endfor 
E.L0G.JV10STU: 

for i ^ 0 to 1 28-size by size 

if (Ch'Size.lJ =0) then 

else 

for j 0 to size- 1 

'f Csize-l+Lj+i = (O^'ze-l-j ,| 
^hsize-\J ^ j 

endif 
endfor 

endif 
endfor 
E.SUM: 

pfOJ 0'28 

for i 0 to 1 28-size by size 

pfffsizej p(ij + (cji28-|te , , Csize-lH.i) 
endfor 
a 4- p(l28J 
E.SUMU: 

p{OJ <- 0'28 

for i 0 to 1 28-size by size 

p(l+sizej p(ij + (0l28.si2e , , Csfee-IH.*) 
endfor 
a p(l28J 

endcase 

RegWrite{rd, 128. a) 
enddef 

Exceptions 

none 
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Ensemble Unary Floating-point 

These operations take one value from a register, perform a group of floating-point 
arithmetic operations on partitions of bits in the operands, and place the concatenated 
results in a register. 



Operation codes 



F ARC p 1 A 


Ensemble absolute value finatinn-noint hAlf 




Ensemble abcoltifP x/pIup fln^tino-nrtinf half ovrontinn 
^••j^iiifc^tc au^\i/iuiC Value 1 lUauf I^^Jl.;!! 11 ilall CA^cUlJUf 1 


F AR^ F ^7 


••»^' 1 iii^iw aw^wiuic Value Illi^OUr l^'^JVlf IL ^lll^lC 


F ARC F ^7 Y 


EflS^nribfP ^h<nlllfP X/aIup flrx^tino.rviint' cin/^lo ov/'Arttinn 

'wic awdwiukc valuer iiuaLiri^~^jv/ini ^in^ic cACcpuon 


F ARC F 


klldClllUlcr aUJUfULCT VdlLlC 1 IwOLII IU'LaJiI IL CJUUkJICT 


F ARC F A4. Y 


kiuf^iiiuic ouy\J\\i\sz Value 1 K.^aUi l^'puii IL UULIUlC CACCpUOn 


F ARC F 1 7Q 


Ensemble PbcnlufP x/sIiip flfv^finn.rviirtf ni laH 
biu^iiiuic auduiuic Value iiUaUiiU''L/v#ii IL UuaU 


F ARC F 1 7P Y 


Ensemble Sbcf^lufP V^^ll IP flnAtinn-nnint' ni ^vrc^nfi^n 
^**^^>iiwic awAWiUiC Value llViWUi lU^fJvili li LlUaU CALwIJuOn 


F rnpv F 1 A 


Fnspmhip mnu flnatinn-nnint ^^alf 


F rCiPV P 1 A Y 


Ensemhip mr>\/ flnafino-noint hnlf ^vrc»nfirtr> 




Enspmblp ccwsu fln^finn-noint cinol^ 
kii^ciiiuie ^w|jy iiwaiJl lU'UUii 11 ^iiiuic 






c rr^Qv c AA 


biijciiiuic \Aj\3y iiUiJUf1C|~pv/ini uOUlJle 


P rr^pv c AA V 


cii^crnuie (•(Jpy riuauny-poini QOUOIc cXCcpuOn 


C.v.vJrT.r, 1 Zo 


f ijdiiufc mpjf imaUiiM puini uUaCI 


F ^r^PV P 1 7Q V 

c.v.vJrT,r. 1 Zo.A 


ti i^eiiiii/ic \m\i\jfy iiuauiii|*pmnK CfUdu CACcpuOn 


P nPPI ATP C 


cfiAcrfimc uunvcTi nUaiing~poini nalr iiom SlrlQIC 


P nPPJ ATP P ^'5 


L_i Ddiiiuic Lwiivci I iii^aui ic^'^puini nail irom sinyie CciiinQ 


F nPFI ATP P ^7 P 


Enspmblp ^nn\/prt fln^Hno-nnin^ half fri^m cin^la fl^^^r 
tiwciiiuic uuiivcii iiuauriypuiiii riaii iroiTi single iioor 


P nPPI ATP P ^'7 M 


FnCPmhIP ^nm/art flnztfin/l-nnint half frnm cin^la ma^rAr^ 

ciDeiiiuie uurivciL iioaung-puini noir rrom Single nearcSC 


P nPPI ATP P ^"7 Y 


FnSPinblp Cf\T%\tt^tt flnatinn.n/*>int half fmm rin^lA avs^ 

tii^eiiiuie vuiiveii iiv./auny'poini nail rrv/m sinoic cXaCI 


F nPP/ ATP P 7 


di^eiiiuic wwiiivcii nw/aung''poini nali irOm SinQle Zero 


P nPPI ATC C JLA 


ciisciiiuic conven nuaung-poini singic rrom oouoic 


P P^PPI ATC C JLA. r" 


cnsemoic converi noctnnQ-point sinQic rrom uouoie cetlinQ 


E.DEFIjME.F.64.F 


Ensemble convert floating-point single from double floor 


E.DEFLATE.F.64.N 


Ensemble convert floating-point single from double nearest 


E.DEFLMEF.64J( 


Ensemble convert floating-point single from double exact 


E.DEFLy\TE.F.64.Z 


Ensemble convert floating-point single from double zero 


E.DEFLATE.F.128 


Ensemble convert floating-point double from quad 


E.DEFL>\TE.F.I28.C 


Ensemble convert floating-point double from quad ceiling 


E.DEFLATE.F.128.F 


Ensemble convert floating-point double from quad floor 


EDEFIATE.F.I28.N 


Ensemble convert floating-point double from quad nearest 


E.DEFL>VTEFJ28.X 


Ensemble convert floating-point double from quad exact 


EDEFLy\TEF. 128.2 


Ensemble convert floating-point double from quad zero 


EFLOAT.F.I6 


Ensemble convert floating-point half from doublets 


EFLOAT.F.I6.C 


Ensemble convert floating-point half from doublets ceiling 


EFLOAT.EI6.F 


Ensemble convert floating-point half from doublets floor 


EFLOAT.F.I6.N 


Ensemble convert floating-point half from doublets nearest 
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E.FLOAT.F. 1 6.x 


Ensemble convert floating-point half from doublets exact 


E.FLOAT.F. 1 6.Z 


Ensemble convert floating-point half from doublets zero 


E.FLOAT.F.32 


Ensemble convert floating-point single from quadlets 


E.FLOAT.F.32.C 


Ensemble convert floating-point single from quadlets ceiling 


E.FLOAT.F.32,F 


Ensemble convert floating-point single from quadlets floor 


E.FLOAT.F.32.N 


Ensemble convert floating-point single from quadlets nearest 


E.FLOAT.F.32^ 


Ensemble convert floating-point single from quadlets exact 


E.FLOAT.F.32.Z 


Ensemble convert floating-point single from quadlets zero 


E.FLOAT.F.64 


Ensemble convert floating-point double from octiets 


E.FLOAT.F.64.C 


Ensemble convert floating-point double from octiets ceiling 


E.FLOAT.F.64.F 


Ensemble convert floating-point double from octiets floor 


E.FLOAT.F.64.N 


Ensemble convert floating-point double from octiets nearest 


E.FLOAT.F.64 J< 


Ensemble convert floating-point double from octiets exaa 


E.FLOAT.F.64.Z 


Ensemble convert floating-point double from octiets zero 


E.FLOAT.F. 1 28 


Ensemble convert floating-point quad from hexlet 


E.FLOAT.F.I28.C 


Ensemble convert floating-point quad from hexlet ceiling 


E.FLOAT.F. 1 28.F 


Ensemble convert floating-point quad from hexlet floor 


E.FLOAT.F. 1 28.N 


Ensemble convert floating-point quad from hexlet nearest 


E.FLOAT.F.I28J< 


Ensemble convert floating-point quad from hexlet exact 


E.FLOAT.F.I28.Z 


Ensemble convert floating-point quad from hexlet zero 


E.INFLATE.F.16 


Ensemble convert floating-point single from half 


E.INFLATE.F. 1 6X 


Ensemble convert floating-point single from half exception 


E.INFtATE.F.32 


Ensemble convert floating-point double from single 


E.INFLATE.F.32J< 


Ensemble convert floating-point double from single exception 


E.INFLATE.F.64 


Ensemble convert floating-point quad from double 


E.INFtATE.F.64.X 


Ensemble convert floating-point quad from double exception 


E.NEG.F. 1 6 


Ensemble negate floating-point half 


E.NEG.F. 1 6X 


Ensemble negate floating-point half exception 


E.NEG.F.32 


Ensemble negate floating-point single 


E.NEG.F.32J< 


Ensemble negate floating-point single exception 


E.NEG.F.64 


Ensemble negate floating-point double 


E.NEG.F.64J< 


Ensemble negate floating-point double exception 


E.NEG.F. 1 28 


Ensemble negate floating-point quad 


E.NEG.F. 1 28.x 


Ensemble negate floating-point quad exception 


E.RECEST.F. 1 6 


Ensemble reciprocal estimate floating-point half 


E.RECEST.F.I6J< 


Ensemble reciprocal estimate floating-point half exception 


E.RECEST.F.32 


Ensemble reciprocal estimate floating-point single 


E.RECEST.F.32X 


Ensemble reciprocal estimate floating-point single exception 


E.RECEST.F.64 


Ensemble reciprocal estimate floating-point double 


E.RECEST.F.64.X 


Ensemble reciprocal estimate floating-point double exception 


t.RECcST.F. 1 28 


Ensemble reciprocal estimate floating-point quad 


E.RECEST.F. 1 28 J< 


Ensemble reciprocal estimate floating-point quad exception 


E.RSQREST.F.16 


Ensemble floating-point reciprocal square root estimate half 


E.RSQREST.F.I6J< 


Ensemble floating-point reciprocal square root estimate half exact 


E.RSQREST.F.32 


Ensemble floating-point reciprocal square root estimate single 


E.RSQREST.F.32J< 


Ensemble floating-point reciprocal square root estimate single exact 
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E.RSQREST.F.64 


Ensemble floating-point reciprocal square root estimate double 


E.RSQREST.F.64^ 


Ensemble floating-point reciprocal square root estimate double exaa 


E.RSQREST.F. 1 28 


Ensemble floating-point reciprocal square root estimate quad 


E.RSQREST.F. 1 28X 


Ensemble floating-point reciprocal square root estimate quad exact 


E.SINK.F. 1 6 


Ensemble convert floating-point doublets from half nearest default 


E.SINK.F.16.C 


Ensemble convert floating-point doublets from half ceiling 


E.SINK.F. 1 6.C.D 


Ensemble convert floating-point doublets from half ceiling default 


E.SINK.F. 1 6.F 


Ensemble convert floating-point doublets from half floor 


E.SINK.F.I6.F.D 


Ensemble convert floating-point doublets from half floor default 


E.SINK.F.16.N 


Ensemble convert floating-point doublets from half nearest 


E.SINK.F. 1 6 J< 


Ensemble convert floating-point doublets from half exact 


E.SINK.F.I6.Z 


Ensemble convert floating-point doublets from half zero 


E.SINK.F.16.Z.D 


Ensemble convert floating-point doublets from half zero default 


E.SINK.F.32 


Ensemble convert floating-point quadlets from single nearest default 


E.SINK.F.32.C 


Ensemble convert floating-point quadlets from single ceiling 


E.SINK.F.32.C.D 


Ensemble convert floating-point quadlets from single ceiling default 


E.SINK.F.32.F 


Ensemble convert floating-point quadlets firom single floor 


E.SINK.F.32.F.D 


Ensemble convert floating-point quadlets from single floor default 


E.SINK.F.32.N 


Ensemble convert floating-point quadlets from single nearest 


E.SINK.F.32J< 


Ensemble convert floating-point quadlets from single exact 


E.SINK.F.32.Z 


Ensemble convert floating-point quadlets firom single zero 


E.SINK.F.32.Z.D 


Ensemble convert floating-point quadlets from single zero default 


E.SINK.F.64 


Ensemble convert floating-point octiets from double nearest default 


E.SINK.F.64.C 


Ensemble convert floating-point octiets from double ceiling 


E.SINK.F.64.C.D 


Ensemble convert floating-point octiets from double ceiling default 


E.SINK.F.64.F 


Ensemble convert floating-point octiets from double floor 


E.SINK.F.64.F.D 


Ensemble convert floating-point octiets from double floor default 


E.SINK.F.64.N 


Ensemble convert floating-point octiets from double nearest 


E.SINK.F.64 J( 


Ensemble convert floating-point octiets from double exaa 


E.SINK.F.64.Z 


Ensemble convert floating-point octiets from double zero 


E.SINK.F.64.Z.D 


Ensemble convert floating-point octiets from double zero default 


E.SINK.F. 1 28 


Ensemble convert floating-point hexiet firom quad nearest default 


E.SINK.F. 1 28.C 


Ensemble convert floating-point hexiet from quad ceiling 


E.SINK.F.I28.CD 


Ensemble convert floating-point hexiet from quad ceiling default 


E.SINK.F. 1 28.F 


Ensemble convert floating-point hexiet from quad floor 


E.SINK.F.128.F.D 


Ensemble convert floating-point hexiet from quad floor default 


E.SINK.F.128.N 


Ensemble convert floating-point hexiet from quad nearest 


E.SINK.F. 1 28X 


Ensemble convert floating-point hexiet from quad exaa 


E.SINK.F.128.Z 


Ensemble convert floating-point hexiet from quad zero 


E.SINK.F. 1 28.Z.D 


Ensemble convert floating-point hexiet from quad zero default 


t:.^CJK.r. 1 6 


Ensemble square root floating-point half 


E.SQR.FJ6.C 


Ensemble square root floating-point half ceiling 


E.SQR.F.16.F 


Ensemble square root floating-point half floor 


E.SQR.F.I6.N 


Ensemble square root floating-point half nearest 


E.SQR.F.16.X 


Ensemble square root floating-point half exaa 


E.SQR.F.I6.Z 


Ensemble square root floating-point half zero 
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P COD C O'J 


Ensemble square root floatinQ-point single 




Ensemble square root floating-point single ceiling 




Ensemble square root floating-point single floor 


P COP P ^"7 M 


Ensemble square root floating-point single nearest 


P COP C V 


Ensemble square root floating-point single exact 


P COP C ^"7 "7 


cnsemoie square root noating-point single zero 


P COP C Z.A 


Ensemble square root floating-point double 


P COP C UA f 


Ensemble square root floating-point double ceiling 


P COP C i^dL c 


Ensemble square root floating-point double floor 


P COP C M 


Ensemble square root floating-point double nearest 


P COP C JLA V 


Ensemble square root floating-point double exact 


P COP C 7 


Ensemble square root floating-point double zero 


P COD C 1 "50 

t.oUK.r. 1 Zo 


Ensemble square root floating-point quad 


P COP P 1 "JQ 


cnscmoie square root noaung-point quad ceiling 


P COP P 1 ~)Q C 


cn^cmuic square rooi noaung-point quad rioor 


P COP C 1 "70 M 


Ensemble square root floating-point quad nearest 


C COD C 1 "JO V 


Ensemble square root floating-point quad exact 


t.bUK.r.izo.Z 


Ensemble square root floating-point quad zero 


t.bUM.r. 1 6 


Ensemble sum floating-point half 


C CI JK>I C 1 

t.^UlvI.r. I o.C 


cnsemoie sum noaong-point naif ceiling 


C CI IK/I C 1 Z. C 

fc.bUM.I-. I 6.F 


Ensemble sum floating-point half floor 


crciifviic iz. Ki 
fc.bUM.r. 1 O.N 


Ensemble sum floating-point half nearest 


P Cl IA>I C 1 V 

toUM.r. 1 o.X 


Ensemble sum floating-point half exact 


t.bUIVi.r.l 6.Z 


Ensemble sum floating-point half zero 


C Cl tKA C "^l 


Ensemble sum floating-point single 


C Cl IKil C TT ^ 

c.bUM.FoZ.C 


Ensemble sum floating-point single ceiling 


t.bUlvi.F.3z.F 


Ensemble sum floating-point single floor 


C Cl lAil C KI 


Ensemble sum floating-point single nearest 


c Cl lAJi c V 

c.5UM.F.32j( 


Ensemble sum floating-point single exact 


C Cl IK Jl C ^ 

t.bUM.F.oz.Z 


Ensemble sum floating-point single zero 


C.5UM.F.64 


Ensemble sum floating-point double 


t.5Uivl.F.64.C 


Ensemble sum floating-point double ceiling 


C Cl IK>I C £^A C 

t.bUM.F.64.F 


Ensemble sum floating-point double floor 


C Cl I1V>I C Z.>l KI 


Ensemble sum floating-point double nearest 


C Cl Wh c Z- yi V 


Ensemble sum floating-point double exact 


t.bUA/I.F.o4.Z 


Ensemble sum floating-point double zero 


E.SUM.F. 1 28 


Ensemble sum floating-point quad 


E.SUM.F.128.C 


Ensemble sum floating-point quad ceiling 


E.SUM.F.128.F 


Ensemble sum floating-point quad floor 


E.SUM.F.I28.N 


Ensemble sum floating-point quad nearest 


ESUM.F.128J( 


Ensemble sum floating-point quad exact 


E.SUM.F.128.Z 


Ensemble sum floating-point quad zero 
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Seleaion 





op 


pi CL 


t UUl lU/ LlaP 


copy 


COPY 


16 32 64 128 


NONE X 


absolute 

VOILIC 


ABS 


16 32 64 128 


NONE X 


float from 
integer 


FLOAT 


16 32 64 128 


NONE C F N X Z 


If ILC^CI 

from finpif 


oliMI\ 


lo 3Z o't tZiS 


NONE L r N X Z 

/"PI C Pi T Pi 

r.U ^l.U 


increase 

l\Ji 1 1 IdL 

precision 


INFLATE 


16 32 64 


NONE X 


decrease 

1 Wl 1 1 Idl 

nrpn\inn 


DEFLATE 


32 64 128 


NONE C F N X Z 


negate 


NEG 


16 32 64 128 


NONE X 


reciprocal 

estimate 


RECEST 


16 32 64 128 


NONE X 


reciprocal 
square root 
estimate 


RSQREST 


16 32 64 128 


NONE X 


sguare root 


SQR 


16 32 64 128 


NONE C F N X Z 


sum 


SUM 


16 32 64 128 


NONE C F N X Z 



Format 

E.op.prec.rouncl rd=rc 
rd=eopprecround(rc) 

3J 24 23 18 17 12 U 65 0 

I E,prec I rd I re I op I E.UNARY | 
8 6 6 6 6 

Description 

The contents of register rc is used as the operand of the specified floating-point operation. 
The result is placed in register rd. 

The operation is rounded using the specified rounding option or using round-to-nearest if 
not specified. If a rounding option is specified, unless default exception handling is specified, 
the operation raises a floating-point exception if a floating-point invalid operation, divide by 
zero, overflow, or underflow occurs, or when specified, if the result is inexact. If a rounding 
option is not specified or if default exception handling is specified, floating-point exceptions 
are not raised, and are handled according to the default rules of IEEE 754. 
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The reciprocal estimate and reciprocal square root estimate instructions compute an exact 
result for half precision, and a result with at least 12 bits of significant precision for larger 
formats. 

Definition 

def EnsembleUnaryFloatingPoint(op,precrouncl,rd,rc) as 
c ir- RegReadfrc. 128) 
case op of 

EABS.F, E.NEG.F, E.SQR.F: 

for i <- 0 to 128-prec by prec 

ci <- F(prec,Ci+prec-l..i) 
case op of 
EABS.F: 

ai.t cLt 

ai.s 0 

ai.e <- ci.e 

ai.f ci.f 
ECOPY.F: 

ai 4- ci 
E.NEG.F: 

ai.t ^ ci.t 

ai.s <- -cl.s 

ai.e ci.e 

ai.f <- ci.f 
E.RECEST.F: 

ai ^ frecest(ci) 
E.RSQREST.F: 

ai ^ frsqrestfci) 
E.SQR.F: 

ai <- fsqr(ci) 

endcase 

3ffprec-l..i PackF(prec, ai, round) 
endfor 
E.SUM.F: 

p(OJ.t 4- NULL 

for i <- 0 to 128-prec by prec 

p(i+prec] 4r- fadd(p(ij, F(prec,c^fprec-l..i)) 
endfor 

a PackFfprec, p(l281, round) 
ESINK.F: 

for i ^ 0 to 128-prec by prec 

ci <- F(precci+prec-l,.i) 

3H-prec-1..j fslnkr(prec ci, round) 
endfor 
E.FLOAT.F: 

for i <- 0 to 1 28-prec by prec 

ci.t NORM 

ci.e 0 

ci,s <r- Ci+prec-1 

ci.f ci.s ? I+-Cjfprec-2..i : CHprec-2..i 
ai+prec-1..j <- PackFfprec, ci, round) 
endfor 
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EJNFLATE.F: 

for i 0 to 64-prec by prec 
ci ir- F(prec,Ci+prec-Ij) 

3|+»+prec+prec-l..i+i ^ PackF(prec+prec, ci, round) 
endfor 
E.DEFIATE.F: 

for i 0 to 128-prec by prec 

ci F(preccf+prec-lJ) 

3i^2+pre</2-l..i/2 ^ PackF(preq/2, ci, round) 
endfor 

3I27..64 <- 0 

endcase 

RegWritef rd, 128, aj 
enddef 

Exceptions 

Floating-point atithmetic 
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Wide Multiply Matrix 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 



W MUL MAT fl R 


wlue muiupiy mainx signea Dyie 019-enaidn 


W MUL MAT fi 1 


VX/i/^#A imi ll^inlx/ m^^riv cii^nari t^xrta lii-hia Ar^^ii*-k 

wluc inuiupiy mauiA ^lyrica Dyie MLile-enQlan 


W Mill MAT 1 A R 


wiuc muiopiy mdirix signcu qoudici Dig-GnQi3n 


W MUL MAT 1 A 1 


wluc: iTiuiupiy mdirix signca aouDiet iinie-cnaian 


W MUf MAT "^7 R 


WIUC rnumpiy mmrix signcG C|udul6i Dly-enoian 


W MUL MAT ^7 1 


WIUC muiupiy mairix signeu quduier nttie-enuian 


W Ml II MAT r P R 


Wluc muinpiy matrix signed complex oyte oig-endian 


W MUl MATT ft 1 


WIUC muiupiy mainx signeu complex oyte iittje-enuian 


VX/ Ml n MAT 1 A P 


Wlue multiply matrix signed complex doublet big-endian 


\X/ Ml II MAT r" 1 A 1 


wiae mumpiy matrix signed complex doublet little-endian 


\X/ Ml II A>IAT Ail 0 D 


Wide multiply matrix mixed-signed byte big-endian 


\X/ Ml II MAT M fl 1 


Wluc muinpiy macnx mixec-signed oyte iittie-endian 


VX/ Ml II MAT A/I 1 A D 
W JVIULJVIAM .iVI. 1 O.D 


Wlue muinpiy matrix mixed-signed doublet big-endian 


W.MUL.MAT.M.I6.L 


Wide multiply matrix mixed-signed doublet little-endian 


W.MULMAT.M.32.B 


Wide multiply matrix mixed-signed quadlet big-endian 


W.MULMAT.M.32.L 


Wide multiply matrix mixed-signed quadlet littie-endian 


W.MULMAT.P.8.B 


Wide multiply matrix polynomial byte big-endian 


W.MUL.MAT.P.8.L 


Wide multiply matrix polynomial byte littie-endian 


W.MULMAT.P.16.B 


Wide multiply matrix polynomial doublet big-endlan 


W.MULMAT.P.16.L 


Wide multiply matrix polynomial doublet littie-endian 


W.MULMAT.P.32.B 


Wide multiply matrix polynomial quadlet big-endian 


W.MULMAT.P.32.L 


Wide multiply matrix polynomial quadlet littie-endian 


W.MULMAT.U.8.B 


Wide multiply matrix unsigned byte big-endian 


W.MULMAT.U.8.L 


Wide multiply matrix unsigned byte littie-endian 


W.MUL.MAT.U.I6.B 


Wide multiply matrix unsigned doublet big-endian 


W.MUL.iVIAT.U.16.L 


Wide multiply matrix \jns\qr\e6 doublet little-endian 


W.MULMAT.U.32.B 


Wide multiply matrix unsigned quadlet big-endian 


W.MULMAT.U.32.L 


Wide multiply matrix unsigned quadlet littie-endian 



Selection 



class 


op 


type 


size 


order 


multiply 


W.MULMAT. 


NONE M U P 


8 16 32 


B L 


c 


8 16 


B L 
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Format 

W.op.si2e.orcler rd=:rc,rb 
rd=wopsi2eorder(rc/b) 

31 2473 1817 I2II 65 43 0 

|w.MlNOR.order| rd | rc \ rb I sz | op | 

8 6 6 6 2 4 

Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory. A second value is die contents of register rb. The values are partitioned into 
groups of operands of die size specified. The second values are multiplied with the first 
values, dien summed, producing a group of result values. The group of result values is 
catenated and placed in register rd. 

The memory-multiply instructions (W.MIIL.MAT, W.MUL.MAT.C, W.MUL.MAT.M, 
W.MUL.MAT.P, W.MUL.MAT.IJ) perform a partitioned array multiply of up to 8192 bits, 
that is 64x128 bits. The width of die array can be limited to 64, 32, or 16 bits, but not smaller 
than twice the group size, by adding one-half die desired size in bytes to the virtual address 
operand: 4, 2, or 1. The array can be limited vertically to 128, 64, 32, or 16 bits, but not 
smaller than twice the group size, by adding one-half die desired memory operand size in 
bytes to the virtual address operand. 

The virtual address must eidier be aligned to 1024/gsize bytes (or 512/gsize for 
W.MUL.MAT.Q (widi gsize measured in bits), or must be the sum of an aligned address and 
one-half of the size of the memory operand in bytes and/or one-quarter of the size of the 
result in bytes. An aligned address must be an exact multiple of the size expressed in bytes. If 
the address is not valid an "access disallowed by virtual address" exception occurs. 

A wide-multiply-ocdets instruction (W.MUL.MAT.type.64, type=NONE M U P) is not 
implemented and causes a reserved instruction exception, as an ensemble-multiply-sum- 
ocdets instruction (E.MUL.SUM.type.64) performs the same operation except that die 
multiplier is sourced from a 128-bit register radier dian memory. Similarly, instead of wide- 
multiply-complex-quadlets instruction (W.MUL.MAT.C.32), one should use an ensemble- 
multiply-complex-quadlets instruction (E.MUL.SUM.C.32). 

A wide-multiply-doublets instruction (W.MUL.MAT, W.MUL.MAT.M, W.MUL.MAT.P, 
W,MUL.MAT.U) multiplies memory [m31 m30 ... ml mO] with vector [h g f e d c b a],' 
yielding products [hm31+gm27+,..+bm7+am3 ... hm28+gm24+...+bm4+am0]: 



-284- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Wide Multiply Matrix 



118 



m(rc](128*64/size) 

S11 



127 



rb|128) 




rd|128| « 

Wide multiply matrix 

A wide-multiply-matrix-complex-doublets instruction (W.MUL.MAT.Q multiplies memory 
[ml 5 ml4 ... ml mO] with vector [h g f e d c b a], yielding products 
[hml4+gml5+...+bm2+am3 ... hml2+gml3+...+bm0+aml -hml3+gml2+.... 
bml+amO]: 



m(rc]|64*64/size| 

255 



127 



rb|128) 




128 



rd|128) ^ 

Wide multiply matrix complex 
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Definition 

def mul(size,h,vs,v,i,ws,wj) as 

mul <r- ((vs&vsize-l+i)^-'*^^ I I Vjize-i+fJ * ((ws&Wsize-i+jl^-^ize , , Wsize-l+ij) 
enddef 

def c <r- PolyMultip(y(slze,a,b) as 
p{OJ i- o2*si2e 

for k 0 to size-1 

p(k+IJ p(kj - ak 7 (05«e-k | | b I I O'^) : 02*sfee 
endfor 
c <- pfsize] 
enddef 

def MemoryMultiply(major,op,gsize,rd,rcrb) 
d 4- RegReadfrd, 128) 
c ^ RegRead(rc 64) 
b RegRead(rb, 128) 
Igsize log(gsize) 
if C|gsi2e-4..0 5^ 0 then 

raise AccessDisallowedflyVirtualAddress 

endif 

if C2..ig$jze-3 ^ 0 then 

wsize (c and (0-c)) I I 0^ 
t <- c and (c-1) 

else 

wsize 64 
t a 

endif 

Iwsize log(wsize) 

if t|wsizef6-lgsize..lwslze-3 ^ 0 then 

msize <- (t and (0-t)) I I 0"^ 

VirtAddr t and (t-I) 

else 

msize <- I28*wslz^gsize 
VirtAddr ^ t 

endif 

case major of 
W.MINOR.B: 

order <- B 
W.MINOR.L: 

order <- L 

endcase 
case op of 

W.MULMAT.U.a W.MULMAT.U,I6, W.MULMAT.U.32, W.MULMAT.U.64: 
ms ^ bs ^ 0 

W.MULMAT.M.a W.MULMAT.M. 1 6, W.MULMAT.M.32. W.MULMAT.M.64: 
ms <- 0 
bs <~ ? 

W.MULMAT.8, W.MULMAT. 1 6, W.MULMAT.32, W.MULMAT.64, 
W.MULMAT.C.a W.MULMAT.C.I6, W.MULMAT.C32, W.MULiVIAT.C64: 
ms bs ^ 1 

W.MULI\4AT.P.a W.MULMAT.P.16, W.MULMAT.P.32, W.MULMAT.P.64: 
endcase 
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m <- LoadMemory{c,ViitAddr.m$ize,order) 
h <- 2*gsize 

for i <- 0 to wsize-gsize by gsize 
q(01 4- 02*gsize 

for j ^ 0 to vsize-gsize by gsize 
case op of 

W.MULMAT.P.a W.MULJVIAT,P.I6, W.MULMAT.P.32, W.MULMAT.P.64: 
k <- i>wsize*j8jgsize 

qU+gsizeJ <- q[jj PolyMultiply(gsize,mk+gsize-l..k*bj+gsize-L.j) 
W.MULMAT.C8, W.MULMAT.C. 1 6, W.MULMAT.C.32, W.MULMAT.C64: 
if (-i) & j & gsize = 0 then 

k ^ i-(j&gsize)+wsize*j8..igsize+l 

q(|+gsizej f- q[jj + mul(gsize,h,ms,mXbs,bj) 

else 

k <- i+gsize^'wsize*ja.|gsize^■ I 

q(j+gsizej q[j] - mul(gsize,h,ms,m,k,bs,bj) 

endif 

W.MULMAT.8, W.MULMAT. 1 6, W.MULMAT.32, W.MULMAT.64, 
W.MULMAT.M,a W.MULMAT.M. 1 6, W.MULMAT.M.32, W.MULMAT.M.64, 
V(/.MULMAT.U,8, W.MULMAT.U. 1 6, W.MULMAT.U.32, W.MULMAT.U.64: 
q[j+gsizej <- q(j] + mul(gsize,h.ms,mj+wsize*j8..igsize^bs,bj) 

endfor 

a2*gsize-l+2*i..2*i ^ qlvsizej 
endfor 

3l27..2*wsize <- 0 
RegWrite(rd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Wide Multiply Matrix Extract 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate die results together, placing the result in a 
general register. 



Operation code^ 



W.MULMATXB 


Wide multiply matrix extract big-endian 


W.MULMATJ<.L 


Wide multiply matrix extract little-endian 



Format 



op ra=rc,rd,rb 
ra=:op|rc,rd,rb) 

31 2423 1817 1211 65 0 

I op I rd I rc i rb I ra I 

8 6 6 6 6 

Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory. A second value is the contents of register rd. The group size and other 
parameters are specified from the contents of register rb. The values are partitioned into 
groups of operands of the size specified and are multiplied and summed, producing a group 
of values. The group of values is rounded, and limited as specified, yielding a group of 
restiits which is die size specified. The group of results is catenated and placed in register ra. 

NOTE: The size of this operation is determined Aom the contents of register rb The 
multiplier usage is constant, but the memory operand size is inversely related to the 
group size. Presumably this can be checked for cache validity. 

We also use low order bits ofrc to designate a size, which must be consistent with 
the group size. Because the memory operand is cached, the size can also be cached, 
thus eliminating the time required to decode the size, whether irom rb or from rc. 

The wide-multiply-matrix-extract instructions (W.NnjL.MAT.X.B, W.MUL.MAT.X.L) 
perform a partitioned array multiply of up to 16384 bits, that is 128x128 bits. The widdi of 
the array can be limited to 128, 64, 32, or 16 bits, but not smaller than twice the group size, 
by adding one-half the desired size in bytes to die virtual address operand: 8, 4, 2, or 1. The 
array can be limited vertically to 128, 64, 32, or 16 bits, but not smaller than twice the group 
size, by adding one-half the desired memory operand size in bytes to the virtual address 
operand. 
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Bits 31..0 of the contents of register rb specifies several parameters which control the 
manner in which data is extracted. The position and default values of the control fields 
allows for the source position to be added to a fixed control value for dynamic computation, 
and allows for the lower 16 bits of the control field to be set for some of the simpler extract 
cases by a single GCOPYI instruction. 

31 2423 1615 H 13 12 II 109 8 0 

I fsIze I dpos |x|s|n|ni l|rnd| gssp | 

8 8 I I I I 1 2 9 



The table below describes the meaning of each label: 



label 


bits 


meaning 


fsize 


8 


field size 


dpos 


8 


destination position 


X 


1 


reserved 


s 


1 


signed vs. unsigned 


n 


1 


complex vs. real multiplication 


m 


I 


mixed-sign vs. same-sign 
multiplication 


1 


1 


saturation vs. truncation 


rnd 


2 


rounding 


gssp 


9 


group size and source position 



The 9-bit gssp field encodes both the group size, gsize, and source position, spos, 
according to the formula gssp = 512-4*gsi2e*f spos. The group size, gsize, is a power of 
two in the range 1..128. The source position, spos, is in the range 0..(2*gsi2e)-l. 



The values in the s, n, m, t, and rnd fields have the following meaning: 



values 


s 


n 


m 


1 


rnd 


0 


unsigned 


real 


same-sign 


truncate 


F 


1 


signed 


complex 


mixed-sign 


saturate 


Z 


2 








N 


3 










C 



The virtual address must be aligned, that is, it must be an exact mxJtiple of the operand size 
expressed in bytes. If the address is not aligned an "access disallowed by virtual address" 
exception occurs. 

Z (zero) rounding is not defined for unsigned extract operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 

A wide-multiply-matrix-extract-doublets instruction (W.MUL.MAT.X.B or 
W.MUL.MAT.X.L) multiplies memory [m63 m62 m61 . . . m2 ml mO] with vector [h g f e d 
c b a], yielding the products [am7+bml5+cm23-l-dm31+em39+fm47+gm55+hm63 ... 
am2+bml0+cml8+dm26+em34+fm42+gm50+hm58 
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aml+bm9+cml7+dm25+em33+fm41+gm49+hm57 

am0+bm8+cml6+dm24+em32+fm40+gm48+hm56], rounded and limited as specified: 



toas m[rc]11 28*1 28/s«e| 




127 



rcl|128| 



rb|32) 



128 ra(128| 0 

Wide multiply extract matrix doublets 
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A wide-multiply-matrix-extract-complex-doublets instruction (W.MUL.MAT.X with n set in 
rb) multiplies memory [m31 m30 m29 ... m2 ml mO] with vector [h g f e d c b a], yielding 
the products [am7-hbm6+cml5+dml4+em23+fm22-f-gm31+hm30 ... am2-bm3+cml0- 
dmll+eml8-fml9+gm26-hm27 aml+bm0+cm9+dm8+eml7+fml6+gm25-fhm24 amO- 
bmH-cm8-dm9+eml6-fl7+gm24-hm25], rounded and limited as specified: 



511 



rc(64*128/$izel 



127 



ii:-- .iJiia^iife] 



rd(128| 



rb|32) 

128 ra(128) o 

Wide multiply extract matrix complex doublets 




Definition 

def mul(size.h,vs,vj,ws,wj) as 

mul ^ ((vs&vsize.i+i)^-^«e | , Vjize-i+ij) * ((ws&Ws,ze-l+/-^*^^ I I Wsize-i+j..j) 
enddef 

def WideMultiplyExtractMatrix(op,ra,rb,rc,rd) 
d ^ RegReadfrd, 128) 
c <- RegRead(rc 64) 
b RegReadfrb, 128) 
case b8..o of 
0..255: 

sgsize 128 
256..383: 

sgsize 64 
384..447: 

sgsize 32 
448.,479: 

sgsize 16 
480..495: 

sgsize <- 8 
496..503: 

sgsize <- 4 
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504..507: 

sgsize <- 2 
50a.51l: 

sgsize <- I 

endcase 
I ^ bn 
m ^ b|2 
n bi3 
signed <- b|4 
C3„o 0 then 

wsize ^ (c and (0<)) ! I 0^ 

t ^ c and (c-1) 

else 

wsize <- 128 

t <r- c 

endif 

if sgsize < 8 then 

gsize <- 8 
elself sgsize > wvslze/I then 

gsize <- wsize/2 

else 

gsize sgsize 

endif 

Igsize <- log(gsize) 
Iwsize <- log(wslze) 
Wsizef6-n-lgsize..lwsize-3 ^ 0 then 

msize <- (t and (0-t)) 110^ 

VirtAddr t and (t-l) 

else 

msize <- 64*(2-n)*\A«iz^gsize 
VirtAddr <- t 

endif 

vsize <- (l+n)*msize*gsiz^wsize 

mm <- LoadMemory(c,VirtAddr,msize,order) 

h (2*gsize) + 7 - Igsize 

Imsize ^ log(msize) 

if (VirtAddrimsize-4..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

case op of 

W.MULMATXB: 

order B 
W.MULMATXL 

order <- L 

endcase 

ms <~ signed 

ds signed m 

as ^ signed or m 

spos (b8„o) and (2*gsize-l) 

dpos (0 I I b23^i6) and (gsize- 1) 

r ^ spos 

sfsize |0 M b3i..24) and (gsize- 1) 
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tfsize <r- (sfsize = 0) or ((sfslzefdpos) > gsize) ? gsize-dpos : sfsize 
fsize (tfsize + spos > h) ? h - spos : tfsize 
(t>l0..9 = Z) & -signed then 
rnd F 

else 

rnd 4- bio..9 

endif 

for i <- 0 to wsize-gsize by gsize 
q(OJ <- o2*9size+7-Igsize 

for j <- 0 to vsize-gsize by gsize 
if n then 

if (-i) & j & gsize = 0 then 

k <- i-(j&gsize)+wsize*j8jgsi2efl 

q[j+gsizej q[jl + mul(gsize,h,ms.mm,lcds,dj) 

else 

k <- i+gsize+wsize*ja.igsi2e+1 

q(j+gsizej ^ q[j] - mul{gsize,h,ms,mm,k,ds,dj) 

endif 

else 

q[j+gsizej q(jj + mul(gsize,h,ms.mmj+j*wsize/gsize.ds,dj) 

endif 
endfor 



P <- q|I28j 




case md of 




none. N: 




s <- O'l-'' 1 1 


-Pr 1 1 Pf- 


Z: 




s «- O'l-'^ 1 1 


Pf.-I 


F: 




S <- O" 




C: 




S O'l-'' 1 1 




endcase 




V <- ((d$ & ph-i)l Ip) + 


(01 Is) 



»f (Vh..r+fsize = las & Vr+fsize-l)*^'"*'"^'^^) or not I then 

w ^ (as & Vr+fsize-lj^^'^^'^i^^^pos | | Vfsi2e.|+r..r I I O^Pos 

else 

w (s 7 (Vh II -vflsize-dpos-lj . |gsize-dposj | | gdpos 

endif 

3slze-I+iJ ^ w 
endfor 

ai27..wsize <- 0 
RegWritefra, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
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Local TB miss 
Global TB miss 
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Wide Multiply Matrix Extract Immediate 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 



\Y/ KAI It R>!A"r V 1 O ^ D 

W.MULMATjvJ.o.C.B 


Wide multipt/ matrix extract immediate signed tiytes btQ^endian ceiling 


w . MU L. A/lAT-A./.o.C. L 


wiue muiDpiy mauix exiracc immeaiace signeci oytes iFitie-enaian ceiling 


\Y/ Kill II KAAT^ 1 O IT D 


Wide multjpiy matrix extract immediate signed bytes big-endian floor 


\y/ hAt II KMA^ V 1 O ^ 1 

W.MULMATjCJ.o.r.L 


Wide muitipfy matrix extract immediate signed bytes littJe-endian floor 


W.MULMATXI.o.N.B 


Wide muttipty matrix extract immediate signed bytes big-endian nearest 


W.MULA4ATX.I.8.N.L 


Wide multiply matrix extract immediate signed bytes little-endian nearest 


W.MULMATXI.8.Z.B 


Wide multiply matrix extract immediate signed t>ytes big-endian zero 


w.MULMATXI.S.Z.L 


Wide multiply matrix extract immediate signed bytes little-endian zero 


W.MuLMATXI. 1 6.C.B 


Wide multiply matrix extract immediate signed doublets big-endian ceiling 


w./vlULMATXI. 1 6.C.L 


Wide multiply matrix extract immediate signed doublets little-endian ceiling 


W.MULMATXI. 1 6.F.B 


Wide multiply matrix extract immediate signed doublets big-endian floor 


w.MULa^ATXI. 1 6.F.L 


wiae muiDpiy matrix extract immediate signed doublets little-endian floor 


W.MULMATXI. 1 6.N.B 


Wide multiply matrix extract immediate signed doublets big-endian nearest 


W.MULMATX.1. 1 6.N.L 


Wide multiply matrix extract immediate signed doublets littie-endian nearest 


W.MULMATX.1. 1 6.Z.B 


Wide multiply matrix extract immediate signed doublets big-endian zero 


W.MULMATXI. 1 6.Z.L 


Wide multiply matrix extract immediate signed doublets little-endian zero 


W.MULMAT.X.I.32.C.B 


Wide multiply matrix extract immediate signed quadlets big-endian ceiling ' 


W.MULMATXI.32.C.L 


Wide multiply matrix extract immediate signed quadlets littie-endian ceiling 


%V/AAI It AAA VX ( V— 

W.MULMAT.X.I.32.F.B 


Wide multiply matrix extract immediate signed quadlets big-endian floor 


%V/AAI tl AAA VX ■ ^ • 

W.MULMAT.X./.32.F.L 


Wide multiply matrix extraa immediate signed quadlets littie-endian floor 


%V/AAI II AAA *^ VX t K . 

W.MULMATXI.32.N.B 


Wide multiply matrix extract immediate signed quadlets big-endian nearest 


IV/AAt il AAA «^ ■ ^ ft • ■ 

W.MULA/IATX.I.32.N.L 


Wide multiply matrix extract immediate signed quadlets littie-endian nearest 


IV/AAI II AA A^r XX ( ^ ^ ^* 

W.MULMATXI.32.Z.B 


Wide multiply matrix extract immediate signed quadlets big-endian zero 


%V/ftA*lt AA A^R X^ • «^ ^« ■ 

W.MULMATXI.32.Z.L 


Wide multiply matrix extract immediate signed quadlets littie-endian zero 


W Ml If MAT y 1 A4 r R 


Wide multiply matrix extract immediate signed octiets big-endian ceiling 


W.MULMATXI.64.C.L 


Wide multiply matrix extraa immediate signed octiets littie-endian ceiling 


W.MULMATXI.64.F.B 


Wide multiply matrix extraa immediate signed octiets big-endian floor 


W.MULMATXI.64.F.L 


Wide multiply matrix extraa immediate signed octiets litde-endian floor 


W.MULMATXL64.N.B 


Wide multiply matrix extract immediate signed octiets big-endian nearest 


W.MULMATXI.64.N.L 


Wide multiply matrix exti-aa immediate signed octiets littie-endian nearest 


W.MUL.MATXI.64.Z.B 


Wide multiply matrix extract immediate signed ooiets big-endian zero 


W.MULMATXI.64.Z.L 


Wide multiply matrix extraa immediate signed octiets littie-endian zero 


W.MULIVIATXI.C.8.C.B 


Wide multiply matrix extraa immediate complex bytes big-endian ceiling 


W.MULMATXI.C.8.C.L 


Wide multiply matrix extract immediate complex Ijytes littie-endian ceiling 


W.MULMATX.I.C8.F.B 


Wide multiply matrix extract immediate complex bytes big-endian floor 


W.MULMATXI.C.8.F.L 


Wide multiply matrix extraa immediate complex t>ytes littie-endian floor 


W.MULMATXI.C.8.N.B 


Wide multiply matrix extract immediate complex bytes big-endian nearest 


W.MULMATXI.C.8.N.L 


Wide multiply matrix exraa immediate complex bytes littie-endian nearest 


W.MULMATXI.C.8.Z.B 


Wide multiply matrix exti^act immediate complex bytes big-endian zero 


W.MULMATXI.C.8.Z.L 


Wide multiply matrix extraa immediate complex bytes litde-endian zero 
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W.MULMAT.X.I.C ? 6.CB 


Wide multiply matrix extract immediate complex doublets big-endian ceiling 


W.MULMATXI.C16.CL 


Wide multiply matrix extrart immediate complex doublets little-endian ceiling 


W.MUL1VIATXI.C16.F.B 


Wide multiply matrix extract immediate complex doublets big-endian floor 


W.MULMATXI.CI6.F.L 


Wide multiply matrix extraa immediate complex doublets little-endian floor 


W.MULMATXI.C.16.N.B 


Wide multiply matrix extraa Immediate complex doublets big-endian nearest 


W.MULMATXI.CI6.N.L 


Wide multiply matrix extraa immediate complex doublets littie-endian nearest 


W.MULMATX1.C16.Z.B 


Wide multiply matrix extraa immediate complex doublets big-endian zero 


W.MULMATXI.CI6.Z.L 


Wide multiply matrix extract immediate complex doublets littie-endian zero 


W.MULMATXI.C32.C.B 


Wide multiply matrix extraa immediate complex quadlets big-endian ceiling 


W.MULMATXI.C32.C.L 


Wide multiply matrix extraa immediate complex quadlets littie-endian ceiling 


W.MULJV1ATXI.C.32.F.B 


Wide multiply matrix extraa immediate complex quadlets big-endian floor 


W.MULMATXI.C32.F.L 


Wide multiply matrix extraa immediate complex quadlets littie-endian floor 


W.MULMATXI.C.32.N.B 


Wide multiply matrix extraa immediate complex quadlets big-endian nearest 


W.MULMATXI.C.32.N.L 


Wide multiply matrix extraa immediate complex quadlets littie-endian nearest 


W.MULMATXI.C.32.Z.B 


Wide multiply mati-ix exo-aa immediate complex quadlets big-endian zero 


W.MULMATXI.C.32.Z.L 


Wide multiply mau-ix extiaa immediate complex quadlets littie-endian zero 


W.MULAMTXI.C.64.C.B 


Wide multiply matrix extraa immediate complex octiets big-endian ceiling 


W.MULIVIATXI.C.64.C.L 


Wide multiply matrix excaa immediate complex octiets littie-endian ceiling 


W.MULMATXI.C64.F.B 


Wide multiply matrix exti^act immediate complex octiets big-endian floor 


W.MULMATXI.C64.F.L 


Wide multiply matrix extraa immediate complex octiets littie-endian floor 


W.MULMATXI.C64.N.B 


Wide multiply matrix exti-aa immediate complex octiets big-endian nearest 


W.MULMATXI.C64.N.L 


Wide multiply mab-ix extraa immediate complex octiets littie-endian nearest 


W.MULIVIATXI.C64.Z.B 


Wide multiply matrix extraa immediate complex octiets big-endian zero 


W.MULMATXI.C.64.Z.L 


Wide multiply matrix exti-aa immediate complex octiets littie-endian zero 


W.MULMATXI.M.8.C.B 


Wide multiply maoix extraa immediate mixed-signed bytes big-endian ceiling 


W.MUL.MATXi.M.aCL 


Wide multiply matrix extract immediate mixed-signed t>ytes littie-endian ceiling 


W.MULMATXI.M.8.F.B 


Wide multiply matrix extraa immediate mixed-signed bytes big-endian floor 


W.MULMATXI.M.8.FX 


Wide multiply matiix extraa immediate mixed-signed bytes littie-endian floor 


W.MULMATXI.M.8.N.B 


Wide multiply matrix extraa immediate mixed-signed bytes big-endian nearest 


W.MULMATXI.M.8.N.L 


Wide multiply matrix exti-aa immediate mixed-signed bytes littie-endian nearest 


W.MULMATXI.M.8.Z.B 


Wide multiply matrix exti-aa immediate mixed -signed bytes big-endian zero 


W.MULMATXI.M.8.Z.L 


Wide multiply matiix extract Immediate mixed-signed tiytes littie-endian zero 


W.MULMATXI.MJ6.C.B 


Wide multiply matrix extraa immediate mixed-signed doublets big-endian ceiling 


W.MULMATXI.M.I6.CL 


Wide mulbply matiix extraa immediate mixed-signed doublets littie-endian ceiling 


W.MULMATXLM.16.F.B 


Wide multiply matiix exti-aa immediate mixed-signed doublets big-endian floor 


W.MULMATXI.M. 1 6.F.L 


Wide multiply matrix exti-aa immediate mixed-signed dout>lets littie-endian floor 


W.MULMATXI.M.I6.N.B 


Wide multiply matiix extract immediate mixed-signed doublets big-endian nearest 


W.MULMATXI.M. 1 6.N.L 


Wide multiply matiix exti-aa immediate mixed-signed doublets littie-endian nearest 


W.MULMATXI.M. I6.Z.B 


Wide multiply matiix extraa immediate mixed-signed doublets big-endian zero 


W.MULMATXI.M. 1 6.Z.L 


Wide multiply mati-ix extraa immediate mixed-signed doublets littie-endian zero 


W.MULMAT.XI.M.32.C.B 


Wide multiply matrix exti-aa immediate mixed-signed quadlets big-endian ceiling 


W.MULMATXI.M.32,CL 


Wide multiply maoix extraa immediate mixed-signed quadlets littie-endian ceiling 


W.MUL1VIAT.XI.M.32.F.B 


Wide multiply matrix extract immediate mixed-signed quadlets big-endian floor 


W.MULMAT.XI.M.32.F.L 


Wide multiply matrix exti-aa immediate mixed-signed quadlets littie-endian floor 


W.MULJVIAT.XI.M.32.N.B 


Wide multiply maoix exo^a immediate mixed-signed quadlets big-endian nearest 


W.MULMATXI.M.32.N.L 


Wide multiply matiix exti-aa immediate mixed-signed quadlets littie-endian nearest 


W.MULMAT.XI.M.32.Z.B 


Wide multiply nrtatrix exti-aa immediate mixed-signed quadlets big-endian zero 


W.MULMAT.XI.M.32.Z.L 


Wide multiply matrix extraa immediate mixed-signed quadlets littie-endian zero 


W.MULMATXI.M.64.C.B 


Wide multiply matrix exO-aa immediate mixed-signed octiets big-endian ceiling 


W.MULMATXI.M.64.CL 


Wide multiply maoix exo-aa immediate mixed-signed octiets littie-endian ceiling 
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W.MULiVIATXI.M.64.RB 


Wide multiply matrix extraa immediate mixed-signed octiets big-endian floor 


W.MULA4ATXI.M.64J.L 


Wide multiply matrix extrart immediate mixed-signed octiets little-endian floor 


W.MULMAT.X.I.M.64.N.B 


Wide multiply matrix extract immediate mixed-signed octiets big-endian nearest 


W.MULMATXI.M.64.N.L 


Wide multiply matrix extraa immediate mixed-signed octiets little-endian nearest 


W.MULMAT.X.I.M.64.Z.B 


Wrde multiply matrix extract immediate mixed-signed octiets big-endian zero 


W.MULMATXI.M.64.Z.L 


Wide multiply matrix extraa immediate mixed-signed octiets littie-endian zero 


W.MULMATXI.U.8.C.B 


Wide multiply matrix extraa immediate unsigned bytes big-endian ceiling 


W.MUL^4ATXI.U.8.C.L 


Wide multiply matrix extraa immediate unsigned bytes littie-endian ceiling 


W.MULMATXI.U.8.F.B 


Wide multiply matrix extract immediate unsigned tjytes big-endian floor 


W.MULMATXI.U.8.F.L 


Wide multiply matrix extraa immediate unsigned tsytes litde-endian floor 


W.MUL^4ATXI.U.8.N.B 


Wide multiply matrix extraa immediate unsigned bytes big-endian nearest 


W.MULMATXI.U.8.N.L 


Wide multiply matrix extraa immediate unsigned bytes littie-endian nearest 


W.MULMATXI.U.16.C.B 


Wide multiply matrix extraa immediate unsigned doublets big-endian ceiling 


W.MULIV1ATXI.U.16.C.L 


Wide multiply matrix extraa immediate unsigned doublets little-endian ceiling 


W.MULMATXI.U.16.F.B 


Wide multiply maoix exti-act immediate unsigned doublets big-endian floor 


W.MULMATXI.U.16.F.L 


Wide multiply matrix extraa immediate unsigned doublets little-endian floor 


W.MULMATXl.U. 1 6.N.B 


Wide multiply matiix extraa Immediate unsigned doublets big-endian nearest 


W.MULMAT.X.I.U.I6.N.L 


Wide multiply maoix extraa immediate unsigned doublets littie-endian nearest 


W.MULIVIATXI.U.32.C.B 


Wide multiply matrix extract immediate unsigned quadlets big-endian ceiling 


W.MULMATXI.U.32.CL 


Wide multiply matrix extraa immediate unsigned quadlets little-endian ceiling 


W.MULMATXI.U.32.F.B 


Wide multiply matiix extract immediate unsigned quadlets big-endian floor 


W.MULMATXI.U.32.F.L 


Wide multiply matrix extraa immediate unsigned quadlets little-endian floor 


W.MULMATXI.U.32.N.B 


Wide multiply matrix extraa immediate unsigned quadlets big-endian nearest 


W.MUL/VIATXI.U.32.N.L 


Wide multiply maoix extraa immediate unsigned quadlets little-endian nearest 


W.MULMATXI.U.64.C.B 


Wide multiply maoix extraa immediate unsigned octiets big-endian ceiling 


W.MULMATXI.U.64.C.L 


Wide multiply maoix exo'aa immediate unsigned octiets littie-endian ceiling 


W.MULMATXI.U.64.F.B 


Wide multiply maoix extract immediate unsigned octiets big-endian floor 


W.MULMATXI.U.64.F.L 


Wide multiply maoix exo-aa immediate unsigned octiets littie-endian floor 


W.MULMATXI.U.64.N.B 


Wide multiply maoix extraa immediate unsigned octiets big-endian nearest 


W.MULMATXI.U.64.N.L 


Wide multipfy matrix extraa immediate unsigned octiets little-endian nearest 



Format 

W.op.size.rnd rd=rc,rb,i 
rd=wopsi2ernd|rc,rbJ) 

31 2423 18 17 12 11 6 5 43 21 0 

I op I rd I rc I rb I sz jrndl sh | 

8 6 6 6 2 2 2 
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sz <r- log(size) - 3 
case op of 

W.MULMATXI. W.MULMAT.XJ.C: 

assert size + 6 - log|size) > i > size + 6 - log(size) - 3 
sh <- size + 6 - log(size) - i 
W.MULMATXI.M, W.MULIVIATXI.U: 

assert size + 7 - log(size) > i > size + 7 - log(size) - 3 
sh ^ size + 7 - log(size) - i 

endcase 
Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory. A second value is the contents of register rb. The values are partitioned into 
groups of operands of the size specified and are multiplied and summed, or are convolved, 
producing a group of sums. The group of sums is rounded, and limited as specified, yielding 
a group of results, each of which is the size specified. The group of results is catenated and 
placed in register rd. 

The wide-multiply-extract-immediate-matrix instructions (W.MUL.MAT.X.I, 
W.MUL.MAT.X.LU, W.MUL.MAT.X.I.M, W.MUL.MAT.XJ.q perform a partitioned array 
multiply of up to 16384 bits, that is 128x128 bits. The width of the array can be limited to 
128, 64, 32, or 16 bits, but not smaller than twice the group size, by adding one-half the 
desired size in bytes to the virtual address operand: 8, 4, 2, or 1. The array can be limited 
vertically to 128, 64, 32, or 16 bits, but not smaller than twice the group size, by adding one- 
half the desired memory operand size in bytes to the virtual address operand. 

The virtual address must either be aligned to 2048/gsize bytes (or 1024/gsize for 
W.MUL.MATX.LQ, or must be the sum of an aligned address and one-half of the size of 
the memory operand in bytes and/or one-half of the size of the result in bytes. An aligned 
address must be an exact multiple of the size expressed in bytes. If the address is not valid an 
"access disallowed by virtual address" exception occurs. 

Z (zero) rounding is not defined for unsigned extract operations, and a Reservedlnstruction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 
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A wide-multiply-extract-immediate-matrix-doublets instruction (W.MUL.MAT.X.I.16 or 
W.MULMAT.XJ.U.16) multiplies memory [m63 m62 m61 . . . m2 ml mO] with vector [h g f 
e d c b a], yielding the products [am7+bml5+cm23+dm31+em39+fm47+gm55+hm63 ... 
am2+bml0+cml8+dm26+em34+fm42+gm50H-hm58 
aml+bm9+cml7+dm25+em33+fm41+gm49+hm57 

am0+bm8+cml6+dm24+em32+fm40+gm48+hm56], rounded and limited as specified: 




128 rd|128) o 

Wide multiply matrix extract immediate doublets 
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A wide-multiply-matrix-extract-immediate-complex-doublets instruction 

(W.MUL.MAT.X.LC.16) multiplies memory [m31 m30 m29 ... m2 ml mO] with vector [h g 
f e d c b a], yielding the products [am7+bm6+cml5+dml4+em23+fm22+gm31+hm30 ... 
am2-bm3+cml0-dmll+eml8-fml9+gm26-hm27 

aml+bm0+cm9+dm8+eml7+fml6+gm25+hm24 am0-bml+cm8-dm9+eml6-fl7+gm24- 
hm25], rounded and limited as specified: 



511 



rc(64*12a/size| 




127 



rb(128| 



128 



rd(128| 0 

Wide multiply matrix extract immediate complex doublets 



Definition 

def mul(slze,h,vs,v,i,ws,wj) as 

mul 4- |(vs&Vsize-l+if -^^^^ I I Vsize.l+i,.i) * (fws&Wsize-i+jl'^-^*^^ I I ^size-UjJ 
enddef 

def WideMultiplyExtractlmmediateMatrix(op,rnd,gsize,rd,rc,rb^h) 
c <- RegReadfrc, 64) 
b ^ RegRead(rb, 128) 
Igsize ^ log(gslze) 
case op of 

W.MUL.MATJ<.I.B, WMULMATXf.L WMULMATJ(.I.U.B, WMULMATXI.U.L 
WMULMATXI.M.B, WMULMATXI.M.L : 

raise AccessDisallowedByVirtualAddress 

endif 

if C3jgsize-3 ^ 0 then 

wsize ^ (c and (0-c)) I I 0"* 
t <- c and (c-l) 

else 

wsize ^128 
t <- c 
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endif 

Iwsize <r- logfwslze) 
W5jze+6-lgsize..lwsize-3 0 then 
msize <- (t and |0-t)) I I 0"* 
VirtAddr <- t and |t-I) 

else 

msize ^ 1 28*wsize/gsize 
VirtAddr <- t 

endif 

vsize <- m5lze*gsize/wsize 
W.MULMATXI.C.B, W.MULMATXI.C.L: 
C|gsi2e.4..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

»f C3,jgsj2e.3 0 then 

wsrze (c and (0-c)) I I 0^ 
t <- c and |c-l) 

else 

wsize <- 128 
t <- c 

endif 

twslze <- log(wsize) 
Wsize+5-lgsize..lwsize-3 ^ 0 then 
msize <- (t and (0-t)) I I 0^ 
VirtAddr <- t and (t-1) 

else 

msize 64*wsize/gsize 
VirtAddr t 

endif 

vsize <- 2*msize*gslze/wsize 

endcase 
case op of 

W.MULMATXI.B, W.MULMATXI.U.B, W.MULMATXI.M.B, W.MULMATXI.C.B: 
order <- B 

W.MULMATXI.L. W.MULMATXI.U.L W.MULMATXI.M.U W.MULMATXI.C.L 
order ^ L 

endcase 
case op of 

W.MULMATXI.U.B, W.MULMATXI.U.L 

as ^ ms <- bs <- 0 
W.MULMATXI.M.B, W.MULMATXI.M.L,: 
bs 0 
as <- ms <- I 

W.MULMATXI.B, W.MULMATXI.L, W.MULMATXI.C.B, W.MULMATXI.CL 
as <- ms bs I 

endcase 

m <- LoadMemory|cVirtAddr,msize,order) 
h {2*gsi2e) + 7 - IgsIze - (ms and bs) 
r <- h - size - sh 
for i ^ 0 to wsize-gsize by gsize 
q(OJ o2*gsizef7-lgsize 

for j ^ 0 to vsize-gsize by gsize 
case op of 
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W.MULMATXI.B, W.MULMATXI.L 
W.MULMATJCJ.U.B, W.MULMATXI.U.U 
W.MULA4ATXI.M.B, W.MULMATXI.M.L: 

q[j+gsize| <- q[jj + mul(gsize,h,ms,mj+wsize*j8..igsize'bs,bj) 
W.MULMATXI.C.B, W.MULMATXI.C.L; 

if & j & gsize = 0 then 

k <- i-(j&gsi2e)+wslze*ja.igsizefl 

q[j+gsi2ej <- q[jj + mul(gsize,h,ms,mXbs,bJ) 

else 

k <- i+gsize^-ws^ze*j8Jgsize+l 

qU+gsizej q[j] - mul(g5ize,h,ms,m,k.bs,bj) 

endif 

endcase 
endfor 
p <- qfvsizej 
case rnd of 



none, N: 




s <- 0^-'' 1 1 




Z: 




s 0^-'' 1 1 


Pf,.| 


F: 

s 0^ 




C: 




s ^ O'^-'' 1 1 


I*" 


endcase 




V 4- |(as & ph.|)l Ip) + 


(Oils) 



»f |Vh..r+gsize = (as & Vr+gsize-l)'^^'^"^^*^^ then 
agsize-1+Li Vgsize-I+r..r 

else 

agsize-KiJ <- as 7 (Vh I I -vg^^^^'^) : iQ^Ke 

endif 
endfor 

ai27..wsize 0 
RegWritefrd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Wide Multiply Matrix Floating-point 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 



W.MULMAT.CF. 1 6.B 


Wide multiply matrix complex floating-point half big-endian 


W.MUL/VIAT.CF.I6.L 


Wide multiply matrix complex floating-point half little-endian 


W.MULMAT.C.F.32.B 


Wide multiply matrix complex floating-point single big-endian 


W.MULMAT.C.F.32.L 


Wide multiply matrix complex floating-point single little-endian 


W.MUL^MT.C.F.64.B 


Wide multiply matrix complex floating-point double big-endian 


W.MULMAT.CF.64.L 


Wide multiply matrix complex floating-point double little-endian 


W.MULMAT.F,16.B 


Wide multiply matrix floating-point half big-endian 


W.MULMAT.F.16.L 


Wide multiply matrix floating-point half little-endian 


W.MULMAT.F.32.B 


Wide multiply matrix floating-point single big-endian 


W.MULMAT.F.32.L 


Wide multiply matrix floating-point single little-endian 


W.MULMAT.F.64.B 


Wide multiply matrix floating-point double big-endian 


W.MULMAT.F.64.L 


Wide multiply matrix floating-point double little-endian 



Format 



M.op.si2e.orcler rd=rcrb 
rd=mopsizeorder(rc,rb) 

31 2423 18 17 12 11 6 5 43 0 

|W.MINOR.order| rd | rc | rb | sz | op | 
8 6 6 6 2 4 

Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory. A second value is the contents of register rb. The values are partitioned into 
groups of operands of the size specified. The second values are multiplied with the first 
values, then summed, producing a group of result values. The group of result values is 
catenated and placed in register rd. 

The wide-multiply-matrix-floating-point instructions (W.MUL.MAT.F, W.MUL.MAT.C.F) 
perform a partitioned array multiply of up to 16384 bits, that is 128x128 bits. The width of 
the array can be limited to 128, 64, 32 bits, but not smaller than twice the group size, by 
adding one-half the desired size in bytes to the virtual address operand: 8, 4, or 2. The array 
can be limited vertically to 128, 64, 32, or 16 bits, but not smaller than twice the group size, 
by adding one-half the desired memory operand size in bytes to the virtual address operand. 
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The virtual address must either be aligned to 2048/gsi2e bytes (or 1024/gsi2e for 
W.MUL.MAT.C.F), or must be the sum of an aligned address and one-half of the size of the 
memory operand in bytes and/or one-half of the size of the result in bytes. An aligned 
address must be an exact multiple of the size expressed in bytes. If the address is not valid an 
"access disallowed by virtual address" exception occurs. 

A wide-multiply-matrix-floating-point-half instruction (W.MUL.MAT.F) multiplies memory 
[m31 m30 ... ml mO] with vector [h g f e d c b a], yieldiiig products 
[hm31+gm27+...+bm7+am3 ... hm28+gm24+...+bm4+am0]: 



1023 



m[rcH128*128/iize| 




127 



rb|128| 




128 rcl(128) 0 

Wide multiply matrix floating-point haif 

A wide-multiply-matrix-complex-floating-point-half instruction (W.MUL.MAT,F) multiplies 
memory [ml5 ml4 ... ml mO] with vector [hgfedcba], yielding products 
[hml4+gml5+...+bm2+am3 ... hml2+gml3+...+bmO+aml -hml3+gml2+...- 
bml+amO]: 
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sn rc(64*12a/siz I 




rb(128) 



0 



127 



128 rcl(128) o 



Wide multiply matrix complex floating-point half 



Definition 

def mul(size,v,i,wj) as 

mul ^ fmul(F{size,Vsize-l+L.i).F|size,Wsi2e-i+j..j)) 
enddef 

def MemofyFloatingPointMultiply{niajor,op,gslze,rd,rc,rb) 
c ^ RegReadfrc, 64) 
b 4- RegRead(rb, 128) 
Igsize ^ log(gsi2e) 
switch op of 

W.MULMAT.F.I6, W.MULMAT.F.32, W.MULMAT.F.64: 



C|gsize-4..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endlf 

•I" c:3jgsi2e.3 ^ 0 then 

wsize <- (c and (0-c)) I I 0"* 
• t ^ c and (c-1) 
else 

wsize 4- 128 
t <r- c 

endif 

fsA/size <- log(wsize) 
t|wsize+6-Igsi2e..lwsize-3 ^ 0 then 
msize (t and (0-t)) I I 0"^ 
VirtAddr <- t and (t-I) 

else 

msize 4- 1 28*wsize/gsize 
VirtAddr <- t 

endlf 
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vsize <- msize*gsize/wsize 
W,MULMAT.C.F.I6, W.MULMAT.CF,32, W.MULMAT.CF.64: 
C|gsize-4..0 0 then 

raise AccessDisallowedByVirtualAddress 

endif 
C3Jgsize-3 0 then 

wsize (c and (0-c)) I I 0^ 
t ^ c and (c-I) 

else 

wsize <r- 128 
t <- c 

endif 

Iwsize <- log(wsize) 

if t|wsi2e+5-lgsize..hvsize-3 0 then 

msize <- (t and |0-t)) I I 0^ 

VirtAddr <- t and (t-1) 

else 

msize 64*wsize/gsize 
VirtAddr t 

endif 

vsize ^ 2*msize*gsize/wsize 

endcase 
case major of 
M.MINOR.B: 

order B 
M.MINOR.L: 
order L 

endcase 

m <- LoadMemory{c,VirtAddr,msize,order) 
for i ^ 0 to wslze-gsize by gsize 
q|OJ.t <- NULL 

for j ^ 0 to vsize-gsize by gsize 
case op of 

W.MULMAT.F.16, W.MULMAT.F.32, W.MULA4AT.F.64: 

q(j+gsizej <- fadd|q[jj, mul{gsize,m>w5ize*j8..igsize'bj)) 

W.MULMAT.C.F.16, W.MULJVIAT.CF.32. M.MULIVIAT.C.F.64: 
if (-i) & j & gsize = 0 then 

k 4- i-(j&gs'ze)+wsize*j8jgsi2ef 1 
q[j+gsizej <- fadd(q{jj, mul|gsize,mXbj)) 



else 



endif 
endcase 
endfor 

agsize-l+i..i <- qfvsizej 
endfor 

ai27..wsize ^ 0 
RegWrite(rd, 128, a) 
enddef 



k i+gsizefwsize*j8..|gslzef 1 

q[j+gsizej fsub|q|jj, mul|gsize,mXbjJ) 



-306- 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Wide Multiply Matrix Floating-point 



Exceptions 

Floating-point arithmetic 
Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Wide Multiply Matrix Galois 

These instructions take an address from a general register to fetch a large operand from 
memory, second and third operands from general registers, perform a group of operations 
on partitions of bits in the operands, and catenate die results together, placing the result in a 
general register . 



Ooeration codp<; 


W.MULMAT.G.B 


Wide multiply matrix Galois big-endian 


W.MUL.MAT.G.L 


Wide multiply matrix Galois little-endian 


Format 




W.MULMAT.G.order 


ra=rc,rd,rb 


ra=mgmorder(rc,rd,rb) 

31 2423 


18 17 12 11 6 5 0 


1 W.JVIULG.order | 


rd 1 rc 1 rb 1 ra 1 


8 


6 6 6 6 



Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory. Second and third values are the contents of registers rd and rb. The values are 
partitioned into groups of operands of the size specified. The second values are multiplied as 
polynomials widi the first value, producing a result which is reduced to the Galois field 
specified by the diird value, producing a group of result values. The group of result values is 
catenated and placed in register ra. 

The wide-multiply-matrix-Galois instruction (W.MUL.MAT.G) performs a partitioned array 
multiply of up to 16384 bits, that is 128x128 bits. The width of the array can be limited to 
128, 64, 32, or 16 bits, but not smaller than twice the group size of 8 bits, by adding one-half 
the desired size in bytes to the virtual address operand: 8, 4, 2, or 1. The array can be limited 
vertically to 128, 64, 32, or 16 bits, but not smaller than twice the group size of 8 bits, by 
adding one-half the desired memory operand size in bytes to the virtual address operand. 

The virtual address must either be aligned to 256 bytes, or must be the sum of an aligned 
address and one-half of die size of the memory operand in bytes and/or one-half of the size 
of the result in bytes. An aligned address must be an exact multiple of the size expressed in 
bytes. If the address is not valid an "access disallowed by virtual address'* exception occurs. 
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A wide-multiply-matrix-Galois instruction (W.MUL.MAT.G) multiplies memory [m255 
m254 ... ml mO] with vector [ponmlkjihgfedcba], reducing the result modulo 
polynomial [q], yielding products [(pm255+om247+...+bm31+aml5 mod q) 
(pm254+om246+...+bm30+aml4 mod q) ... (pm248+om240+...+bml6+am0 mod q)]: 




128 ra(128| o 



Wide multiply matrix Galois 

Definition 

def c <- PolyMultiply(slze,a,b) as 

p(OJ 02*s«e 

for k <- 0 to slze-1 

p[k+IJ ir- p(kj - aic 7 (O^ize-k | | b i I O*^) : o2*size 

endfor 

c <- pfsizej 
enddef 

def c <- PofyResidue(sjze,a,b) as 
p(OJ <- a 

for k <- size-l to 0 by -I 

p(k+IJ ^ pfkj - pfOJsizefk 7 lO^''^^'*' I I iM I b I I 0»^) : 02*s«ze 
endfor 

c ir- p(sizeJsi2e-i..o 
enddef 

def WideMultiplyGaIois(op,rd,rcrb,ra) 
d RegRead(rd, 128) 
c 4- RegRead(rc 64) 
b <r- RegReadfrb, 128) 
gsize 8 
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Igsize log|gsize) 

Qgsize-4..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 

endif 

»f C3jgsize-3 ^ 0 then 

wsize ir- |c and (0-c)) I I 0"^ 
t c and (c-1) 

else 

wsize ^ 128 
t c 

endif 

Iwsize ^ logjwsize) 
Wsizet-6-lgsize..hA^ize-3 ^ 0 then 
msize <- (t and (0-t)) I 1 0"^ 
VirtAddr <- t and |t-I) 

else 

msize <- 1 28*wsiz^gsize 
VirtAddr <- t 

endif 

case op of 

W.MULMAT.G.B: 

order <- B 
W.MULMAT.GX: 

order L 

endcase 

m ^ LoadMemory(cVlrtAddr,msize,order) 
for i <- 0 to wsize-gsize by gsize 
q(OJ ir- 02*gsize 

for j <- 0 to vsize-gsize by gsize 
k <- i+wsize*j8jgsize 

q[j+gsizej q(jj - PolyMultlply|gsize,rnk+gsj2e.|..ic.dj+gsi2e-l.j) 
endfor 

agsize-l+ij PolyResidue(gsize,q[vsizeJ,bgsize-i..o) 
endfor 

ai27..wsize <- 0 
RegWritefra, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Wide Switch 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in die operands, and catenate die results together, placing the result in a 
general register . 



Operation codes 



W.SWITCH.B 


Wide switch big-endian | 


w.swrrcH.L 


Wide switch little-endian | 



Format 



op ra=rc,rd,rb 
ra=op(rc,rdjb) 

31 24 23 18 17 12 M 65 0 

I op I rd I rc I rb I ra I 

8 6 6 6 6 

Description 

The contents of register rc is specifies as a virtual address and optionally an operand size, 
and a value of specified size is loaded from memory. A second value is the catenated 
contents of registers rd and rb. Eight corresponding bits from the memory value are used to 
select a single result bit from the second value, for each corresponding bit position. The 
group of resvilts is catenated and placed in register ra. 

The virtual address must either be aligned to 128 bytes, or must be the sum of an aligned 
address and one-half of the size of the memory operand in bytes. An aligned address must 
be an exact multiple of the size expressed in bytes. The size of the memory operand must be 
8, 16, 32, 64, or 128 bytes. If the address is not valid an "access disallowed by virtual 
address" exception occurs. When a size smaller than 128 bits is specified, the high order bits 
of the memory operand are replaced with values corresponding to the bit position, so that 
the same memory operand specifies a bit selection within symbols of the operand size, and 
the same operation is performed on each symbol. 

Definition 

def WideSwjtch(op.rd/c,rb,ra) 
d <- RegReadfrd, 128) 
c RegReadfrc 64) 
b RegReadfrb, 128) 
CI..0 ^ 0 then 

raise AccessDisallowedByVirtualAddress 
elsei'f C6„o ^ 0 then 

VirtAddr c and (c-1) 
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w <- wsize ^ (c and (0-c)) I I 

else 

VirtAddr <- c 

w <- wsize <- 128 

endif 

msize <— 8*wsize 
Iwsize ir- loglwsize) 
case op of 

W.SWITCH.B; 

order B 
W.SWITCH.L: 
order <- L 

endcase 

m LoadMemory(cVirtAddr,msize,order) 
db <- d I I b 
for i <- 0 to 127 

j <- 0 I I i|wsize-I..O 

k <- m7*v\^jl Im6*w*jl l'Ti5*w+jl Im4*vv+jl lm3*NA/H.jl lm2*NA/4jl Iniw+jl Imj 
' »7..Iwsi2e 1 I jlwsize-I..O 
a\ <- db| 
endfor 

RegWritefra, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by local TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Wide Translate 

These instructions take an address from a general register to fetch a large operand from 
memory, a second operand from a general register, perform a group of operations on 
partitions of bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation codes 



W.TRANSLATE.8.B 


Wide translate bytes big-endian 


W.TRANSl>\TE.16.B 


Wide translate doublets big-endian 


W.TRANSLATE.32.B 


Wide translate quadlets big-endian 


W.TRANSl>\TE.64.B 


Wide translate octlets big-endian 


W.TRANSLATE.8.L 


Wide translate bytes little-endian 


W.TRANSLATE.I6.L 


Wide translate doublets little-endian 


W.TRANSU\TE.32.L 


Wide translate quadlets little-endian 


W.TRANSLATE.64.L 


Wide translate octlets little-endian 


Format 




WTRANSLATE.size.order 


rd=rcjb 


rd=\A/translatesizeorder|rc,rb) 

31. 2423 1817 1211 65 4 3 0 


1 W.TRANSLATE.order j 


rd 1 rc 1 rb | sz | o j 


8 


6 6 6 2 4 



Description 

The contents of register rc is used as a virtual address, and a value of specified size is loaded 
from memory, A second value is the contents of register rb. The values are partitioned into 
groups of operands of a size specified. The low-order bytes of the second group of values 
are used as addresses to choose entries from one or more tables constructed from the first 
value, producing a group of values. The group of results is catenated and placed in register 
rd. 

By default, the total widdi of tables is 128 bits, and a total table widdi of 128, 64, 32, 16 or 8 
bits, but not less than the group size may be specified by adding the desired total table width 
in bytes to the specified address: 16, 8, 4, 2, or 1. When fewer than 128 bits are specified, the 
tables repeat to fill the 128 bit width. 

The default depth of each table is 256 entries, or in bytes is 32 times the group size in bits. 
An operation may specify 4, 8, 16, 32, 64, 128 or 256 entry tables, by adding one-half of the 
memory operand size to the address. Table index values are masked to ensure that only the 
specified portion of the table is used. Tables with just 2 entries cannot be specified; if 2-entry 
tables are desired, it is recommended to load the entries into registers and use G.MUX to 
select the table entries. 



-313- 



NDcroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Instruction Set 
Wide Translate 



Failing to initialize the entire table is a potential security hole, as an instruction in 
with a small-depth table could access table entries previously initialized by an 
instruction with a large-depth table. We could close this hole either by initializing the 
entire table, even if extra cycles are required, or by masking the index bits so that 
only the initialized portion of the table is used. Initializing the entire table with no 
penalty in cycles could require writing to as many as 128 entries at once, which is 
quite likely to cause circuit complications. Initializing the entire table with writes to 
only one entry at a time requires writing 256 cycles, even when the table is smaller. 
Masking the index bits is the preferred solution. 

Masking the index bits suggests that this instruction, for tables larger than 256 
entries, may be useAil for a general-purpose memory translate function where the 
processor performs enough independent load operations to Gil the 128 bits. Thus, the 
16, 32, and 64 bit versions of this function perform equivalent of 8, 4, 2 withdraw, 8, 4, 
or 2 load-indexed and 7, 3, or 1 group-extract instructions. In other words, this 
instruction can be as powerful as 23, 11, or 5 existing instructions. The 8-bit version is 
a single-cycle operation replacing 47 existing instructions, so these are not as big a 
win, but nonetheless, this is at least a 50% improvement on a 2-issue processor, even 
with one-cycle-per load timing. To make this possible, the default table size would 
become 65536, 2^^ and 2^ for 16, 32 and 64-bit versions of the mstruction. 

For the big-endian version of this instruction, in the deGnition below, the contents of 
register rb is complemented. This reflects a desire to organize the table so that the 
lowest addressed table entries are selected when the index is zero. In the logical 
implementation, complementing the index can be avoided by loading the table 
memory differentiy for big-endian and litde-endian versions. A consequence of this 
shortcut is that a table loaded by a big-endian translate instruction cannot be used by 
a litde-endian translate instmction, and vice-versa. 

The virtual address must eidier be aligned to 4096 bytes, or must be the sum of an aligned 
address and one-half of the size of the memory operand in bytes and/or the desired total 
table width in bytes. An aligned address must be an exact multiple of the size expressed in 
bytes. The size of the memory operand must be a power of two from 4 to 4096 bytes, but 
must be at least 4 times the group size and 4 times the total table width. If the address is not 
valid an "access disallowed by virtual address" exception occurs. 

Definition 

def WideTranslate(op,g5i2e,rd,rc,rb) 
c RegRead(rc. 64) 
b <- RegRead(rb, 128) 
\q%\z^ ^ loglgsize) 
if Qgsize-4..0 0 then 

raise AccessDisaHowedByVlrtualAddress 

endif 

if C4..lgslze-3 0 then 

wsize <- (c and (0-c)) I I 0^ 
t 4- c and (c-I) 

else 
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wsize ^ 128 
t <- c 

endif 

Iwsize loglwsize) 

msize ^ (t and |0-t)) I I 0"^ 
VirtAddr t and (t-I) 

else 

msize <- 256*wsize 
VirtAddr ^ t 

endif 

case op of 

W.TRANSLATE.B: 

order B 
W.TRANSIATEL 

order ^ L 

endcase 

m LoadMemory(c,VirtAddr,msize,order) 

vsize <- msize/wsize 

Ivsize log(vsize) 

for i 0 to 128-gslze by gsize 

j ((order=B)»v5^zep(5^^.^^_,^. j,*vysl2e+i^3j2^., 0 

3gsize-l+i..j ^nj+gsize- 1 ..j 
endfor 

RegWrite(rd, 128, a) 
enddef 

Exceptions 

Access disallowed by virtual address 
Access disallowed by tag 
Access disallowed by global TB 
Access disallowed by local TB 
Access detail required by tag 
Access detail required by locaJ TB 
Access detail required by global TB 
Local TB miss 
Global TB miss 
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Memory Management 



This section discusses the caches, the translation mechanisms, the memory interfaces, and 
how the multiprocessor interface is used to maintain cache coherence. 

Overview 



The Zeus processor provides for both local and global virtual addressing, arbitrary page 
sizes, and coherent-cache multiprocessing. The memory management system is designed to 
provide the requirements for implementation of virtual machines as well as virtual memory. 

All facilities of the memory management system are themselves memory mapped, in order to 
provide for the manipulation of these facilities by high-level language, compiled code. 

The translation mechanism is designed to allow full byte-at-a-time control of access to the 
virtual address space, with the assistance of fast exception handlers. 

Privilege levels provide Jor the secure transition between insecure user code and secure 
system facilities. Instructions execute at a privilege, specified by a two-bit field in the access 
information. Zero is the least-privileged level, and three is the most-privileged level. 

The diagram below sketches the basic organization of the memory management system: 
iocai Virtual aodress 



local virtual 
to global 
virtual 
address 

translation 



T 



global virtual address 



address cache data 


data 




— — ^ local 


address cache tag 


protection 



global 
virtual to 
physical 
address 
translation 



physical address 



T 



] 



■hit 



global 
'protection 



memory management organization 



In general terms, the memory management starts from a local virtual address. The local 
virtual address is translated to a global virtual address by a LTB (Local Translation Buffer). 
In turn, the global virtual address is translated to a physical address by a GTB (Global 
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Translation Buffer). One of the addresses, a local virtual address, a global virtual address, or 
a physical address, is used to index die cache data and cache tag arrays, and one of the 
addresses is used to check the cache tag array for cache presence. Protection information is 
assembled from the LTB, GTB, and optionally the cache tag, to determine if the access is 
legal. 

This form varies somewhat, depending on implementation choices made. Because the LTB 
leaves the lower 48 bits of the address alone, indexing of the cache arrays with the local 
virtual address is usually indentical to cache arrays indexed by the global virtual address. 
However, indexing cache arrays by the global virtual address rather than the physical address 
produces a coherence issue if the mapping from global virtual address to physical is many- 
to-one. 

Starting from a local virtual address, the memory management system performs three actions 
in parallel: the low-order bits of the virtual address are used to direcdy access the data in the 
cache, a low-order bit field is used to access the cache tag, and the high-order bits of the 
virtual address are translated from a local address space to a global virtual address space. 

Following these three actions, operations vary depending upon the cache implementation. 
The cache tag may contain either a physical address and access control information (a 
physically-ta^ed cache), or may contain a global virtual address and global protection 
information (a virtually-tagged cache). 

For a physically-tagged cache, the global virtual address is translated to a physical address by 
the GTB, which generates global protection information. The cache tag is checked against 
the physical address, to determine a cache hit. In parallel, the local and ^obal protection 
information is checked. 

For a virtually-ta^ed cache, the cache tag is checked against the global virtual address, to 
determine a cache hit, and the local and global protection information is checked. If the 
cache misses, the global virtual address is translated to a physical address by the GTB, which 
also generates the global protection information. 

Local Translation Buffer 

The 64-bit global virtual address space is global among all tasks. In a multitask environment, 
requirements for a task-local address space arise from operations such as the UNIX "fork" 
function, in which a task is duplicated into parent and child tasks, each now having a unique 
virtual address space. In addition, when switching tasks, access to one task's address space 
must be disabled and another task's access enabled. 

Zeus provides for portions of the address space to be made local to individual tasks, with a 
translation to the global virtual space specified by four 16-bit registers for each local virtual 
space. The registers specify a mask selecting which of the high-order 16 address bits are 
checked to match a particular value, and if they match, a value with which to modify the 
virtual address. Zeus avoids setting a fixed page size or local address size; these can be set by 
software conventions. 



-317- 



MicroUnity 



Zeus System Architecture Tue, Aug 1 7, 1 999 

A local virtual address space is specified by the foDowing: 



Memory Management 
Local Translation Buffer 



field name 


Size 


description 


Im 


16 


mask to select fields of local virtual address to 
perform match over 


la 


16 


value to perform match with masked local virtual 
address 


Ix 


16 


value to xor with local virtual address if matched 


IP 


16 


local protection field (detailed later) 



local virtual address space specifiers 



Phvsical address 



There are as many LTB as threads, and up to 2^ (8) entries per LTB. Each entry is 128 bits, 
with the high order 64 bits reserved. The physical address of a LTB entry for thread th, entry 
en, byte b is: 



63 



I FFFF FFFF OAOO 0000 ^3 ^ 



40 



2423 1918 



76 43 0 



12 



EE] 



Definition 



def data,flags <- AccessPhysicalLTB(pa,op,wdata) as 
^ ^ Pa23..l9 
en <- pa6„4 

if (en < (1 I I O'-E)) and |th < T) and (paia,6=0) then 
case op of 
R: 

data ^0^4 11 LTBArray(thJ[enj 
LocarrBfthJfenJ <- wdata63.,o 

endcase 

else 

data <- 0 

endif 
enddef 



Entry Format 

These 16-bit values are packed together into a 64-bit LTB entry as follows: 
63 48 47 32 31 16 15 



Im 



16 



la 



Ix 



16 



16 



I 



16 



The LTB contains a separate context of register sets for each thread, indicated by the th 
index above. A context consists of one or more sets of Im/la/k/lp registers, one set for 
each simultaneously accessible local virtual address range, indicated by the en index above. 
This set of registers is caUed die "Local TB context," or LTB (Local Translation Buffer) 
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context. The effect of this mechanism is to provide the facilities normally attributed to 
segmentation. However, in this system there is no extension of the address range, instead, 
segments are local nicknames for portions of the global virtual address space. 

A failure to match a LTB entry results either in an exception or an access to the global 
virtual address space, depending on privilege level. A single bit, selected by the privilege level 
active for the access from a four bit control register field, global access, ga determines the 
result. If gapL is zero (0), the failure causes an exception, if it is one (1), the failure causes the 
address to be direcdy used as a global virtual address without modification. 

Global Access (fields of control register^ 

11 10 9 8 



1111 

Usually, global access is a right conferred to highly privilege levels, so a typical system may 
be configured with gaO and gal clear (0), but ga2 and ga3 set (1). A single low-privilege (0) 
task can be safely permitted to have global access, as accesses are further limited by the rwxg 
privilege fields. A concrete example of this is an emulation task, which may use global 
addresses to simulate segmentation, such as an x86 emulation. The emulation task then runs 
as privilege 0, with gaO set, while most user tasks run as privilege 1 , with gal clear. Operating 
system tasks then use privilege 2 and 3 to communicate with and control the user tasks, with 
ga2 and ga3 set. 

For tasks that have global access disabled at their current privilege level, failure to match a 
LTB entry causes an exception. The exception handler may load an LTB entry and continue 
execution, thus providing access to an arbitrary number of local virtual address ranges. 

When failure to match a LTB entry does not cause an exception, instructions may access any 
region in the local virtual address space, when a LTB entry matches, and may access regions 
in the global virtual address space when no LTB entry matches. This mechanism permits 
privileged code to make judicious use of local virtual address ranges, which simplifies the 
manner in which privileged code may manipulate the contents of a local virtual address 
range on behalf of a less-privileged cUent Note, however, that under this model, an LTB 
miss does not cause an exception directiy, so the use of more local virtual address ranges 
than LTB entries requires more care: the local virtual address ranges should be selected so as 
not to overlap with the global virtual address ranges, and GTB misses to LVA regions must 
be detected and cause the handler to load an LTB entry. 

Each thread has an independent LTB,. so that threads may independendy define local 
translation. The size of the LTB for each thread is implementation dependent and defined as 
the LE parameter in the architecture description register. LE is the log of the number of 
entries in the local TB per thread; an implementation may define LE to be a minimum of 0, 
meaning one LTB entry per thread, or a maximum of 3, meaning eight LTB entries per 
thread. For the initial Zeus implementation, each thread has two entries and LE=1. 

A minimum implementation of an LTB context is a single set of Im/la/bc/lp registers per 
thread. However, the need for the LTB to translate both code addresses and data addresses 
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imposes some limits on the use of the LTB in such systems. We need to be able to guarantee 
forward progress. With a single LTB set per thread, either the code or the data must use 
global addresses, or both must use the same local address range, as must the LTB and GTB 
exception handler. To avoid this restriction, the implementation must be raised to two sets 
per thread, at least one for code and one for data, to guarantee forward progress for arbitrary 
use of local addresses in the user code (but stiD be limited to using global addresses for 
exception handlers). 

A single-set LTB context may be further simplified by reserving the implementation of the 
Im and la registers, setting them to a read-only zero value: Note that in such a configuration, 
only a single LA region can be implemented. 

63 ^ 3231 1615 0 

0 I »x I IP I 

16 16 16 



If the largest possible space is reserved for an address space identifier, the virtual address is 
partitioned as shown below. Any of the bits marked as "local" below may be used as 
"offset" as desired. 

63 4847 0 

I local I offset | 

16 48 " 



To improve performance, an implementation may perform the LTB translation on the value 
of the base register (rc) or unincremented program counter, provided that a check is 
performed which prohibits changing the unmasked upper 16 bits by the add or increment. If 
this optimization is provided and the check fails, an AccessDisallowedByVirtualAddress 
should be signaled. If this optimization is provided, the architecture description parameter 
LB=1. Otherwise LTB translation is performed on the local address, la, no checking is 
required, and LB=0. 

The LTB protect field controls the minimum privilege level required for each memory action 
of read (r), write (w), execute (x), and gateway (g), as well as memory and cache attributes of 
write allocate (wa), detail access (da), strong ordering (so), cache disable (cd), and write 
through (wt). These fields are combined with corresponding bits in the GTB protect field to 
control these attributes for the mapped memory region. 

7 6 5 4 3 2 0 
IpO: I 0 I 0 I 0 Ida! sol c'^ | 

11111 3 

15 1413 1211 109 8 

•P»: I g I X \ w I r I 

2 2 2 2 
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Field Description 



The meaning of the fields are given by the following table: 



name 


size 


meaning 




2 


minimum privilege required for gateway access 


X 


2 


minimum privilege required for execute access 


w 


2 


minimum privilege required for write access 


r 


2 


minimum privilege required for read access 


0 


I 


reserved 


da 


I 


detail access 


so 


1 


strong ordering 


cc 


3 


cache control 



Definition 

def ga,LocalProtect Locarrranslatlon(th,baja,pl) as 
if LB & (ba63..48 ® »a63..48) then 

raise AccessDIsallowedByVirtualAddress 

endif 

me <- NONE 

for i ^ 0 to (I t I 0'-£)-l 

»f (Ia63..48 & -LocarrB(th][jj63..48) = LocarrB(thJ(i]47.32 then 
me <- I 

endif 
endfor 

if me = NONE then 

if -ControlRegisterpi+8 then 
raise LocarTBMiss 

endif 
ga <- la 

LocalProtect ^ 0 

else 

ga <- |va63«48 " LocarrBfthJ[me}3i^i6) I I va47..o 
LocalProtect <- LocarTBfthJfmeJis^o 

endif 
enddef 

Global Translation Buffer 

Global virtual addresses which fail to be accessed in either the LZC, the MTB, die BTB, or 
PTB are translated to physical references in a table, here named the "Global Translation 
Buffer," (GTB). 

Each processor may have one or more GTB's, with each GTB shared by one or more 
direads. The parameter GT, the base-two log of the number of threads which share a GTB, 
and the parameter T, the number of threads, allow computation of the number of GTBs 
(r/2GT)^ and die number of threads which share each GTB 

If there are two GTBs and four direads (GT=1, T=4), GTB 0 services references from 
threads 0 and 1, and GTB 1 services references from threads 2 and 3. 
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In the first implementation, there is one GTB, shared by all four threads (GT=2, T=4). The 
GTB has 128 entries (G=7). 

Per clock cycle, each GTB can translate one global virtual address to a physical address, 
yielding protection information as a side effect. 

A GTB miss causes a software trap. This trap is designed to permit a fast handler for 
GlobalTBMiss to be written in software, by permitting a second GTB miss to occur as an 
exception, rather than a machine check. 

Physical address 

There may be as many GTB as threads, and up to 2^5 entries per GTB, The physical address 
of a GTB entry for thread th, entry en, byte b is: 

63 2423 1918 43 0 

FFFF FFFF OCOO 0000 63„24 | th | en 

40 5 15 



Note that in the diagram above, the low-order GT bits of the th value are ignored, reflecting 
that 2^*^ threads share a single GTB. A single GTB shared between threads appears 
multiple times in the address space. GTB entries arc packed together so that entries in a 
GTB are consecutive: 

Definition 

def data.flags AccessPhysicalGTB(pa,op,wdata) as 
th <- pa23..I9+GT I I O^T 
en pai8..4 

if (en < (1 II 0^)) and (th < T) and (pai8+GT..l9 = 0) then 
case op of 
R: 

data <- GTBArray(th5..GTj(en] 

W: 

GTBArray(th5..GTj[enJ ^ wdata 

endcase 

else 

data <- 0 

endif 
enddef 

Entry Format 

Each GTB entry is 128 bits. The format of a GTB entry is: 
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03 

1 


q$ 


76 0 
1 QDO 1 




57 


7 


127 




7271 64 


1 


px 


1 9P' 1 



40 8 



6 5 4 3 2 0 

gpO: I 0 I 0 I da I so I cc | 

1111 3 

71 7069 6867 6665 64 

gpl: I g I X I w I r I 

2 2 2 2 

Field Description 

gs = ga + si2e/2: 256 < size < 2^"^, ga, global address, is aligned (a multiple o£) size, 
px = pa ga. pa, ga, and px are all aligned (a multiple o() size 



The meaning of the fields are given by the following table: 



name 


size 


meaning 


gs 


57 


global address with size 


px 


56 


physical xor 


Q 


2 


minimum privilege required for gateway access 


X 


2 


minimum privilege required for execute access 


w 


2 


minimum privilege reguired for write access 


r 


2 


minimum privilege reguired for read access 


0 


1 


reserved 


da 


I 


detail access 


so 


I 


strong ordering 


cc 


3 


cache control 



If the entire contents of the GTB entry is zero (0), the entry will not match any global 
address at all. If a zero value is written, a zero value is read for the GTB entry. Software 
must not write a zero value for the gs field unless the entire entry is a zero value. 

It is an error to write GTB entries that multiply match any global address; all GTB entries 
must have unique, non-overlapping coverage of the global address space. Hardware may 
produce a machine check if such overlapping coverage is detected, or may produce any 
physical address and protection information and continue execution. 

Limiting the GTB entry sir^e to 128 bits allows up to replace entries atomically (with a single store 
operation), which is less complex than the previous design, in which the mask portion was first reduced, then 
other entries changed, then the mask is expanded. However, it is limiting the amount of attribute information 
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or physical address range we can specify. Consequently, we are encoding the si:^e as a single additional bit to 
the global address in order to allow for attribute information. 

Definition 

def pa,GlobalProtect ^ GlobalAddressTranslation|th,ga,pUda) as 
me <r- NONE 

for i <- 0 to (I (I 0^) -I 

if GlobarrB(th5..GT](il 0 then 

size <- (GlobalTB(th5..GTj[i]63..7 and (06^-GlobarrB(th5,.GTjfi]63..7)) I I 0^ 
if ((ga63..8l 10^) (GlobafTB(th5..GTjfij63..8l iO^)) and (O^^-size)) = 0 then 
me <~ GIobafTB[th5,.GTj(iJ 

endif 

endif 
endfor 

if me = NONE then 
if Ida then 

PerformAccessDetail(AccessDetailRequiredByLocafrB) 

endif 

raise GIobafTBMiss 

else 

pa (ga63..8 ^ GtobarrB[th5..GT](meJi 27.72) I I ga7..0 

GiobalProtect <r- GIobarrBfth5..GTl[mej7i..64 I I OM I Globan'Bfth5..GTj{mej6..o 

endif 
enddef 

GTB Registers 

Because the processor contains multiple threads of execution, even when taking virtual 
memory exceptions, it is possible for two threads to nearly simultaneously invoke software 
GTB miss exception handlers for the same memory region. In order to avoid producing 
improper GTB state in such cases, the GTB includes access facilities for indivisibly checking 
and then updating the contents of the GTB as a result of a memory write to specific 
addresses. 

A 128-bit write to die address GTBUpdateFill (fill=l), as a side effect, causes first a check of 
the global address specified in the data against the GTB. If the global address check results 
in a match, the data is directed to write on the matching entry. If there is no match, the 
address specified by GTBLast is used, and GTBLast is incremented. If incrementing 
GTBLast results in a zero value, GTBLast is reset to GTBFirst, and GTBBump is set Note 
that if the size of the updated value is not equal to the size of the matching entry, the global 
address check may not adequately ensure that no other entries also cover the address range 
of the updated value. The operation is unpredictable if multiple entries match the global 
address. 

The GTBUpdateFill register is a 128-bit memory-mapped location, to which a write 
operation performes the operation defined above. A read operation returns a zero value. The 
format of the GTBUpdateFill register is identical to that of a GTB entry. 
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An alternative write address, GTBUpdate, (fill=0) updates a matching entry, but makes no 
change to the GTB if no entry matches. This operation can be used to indivisibly update a 
GTB entry as to protection or physical address information. 

Definition 

def GTBUpdateWrite|th,filWata) as 
me ^ NONE 
for i <- 0 to |I II 0^) -1 

size 4- (GlobarrB(th5..GTj[ij63..7 and (064-GlobalTB(th5..GTJ[<l63..7)) I I 0^ 
If ((data63..8l 10^) |GlobarrB(th5..GTj(i]63..8l 10^)) and (O^^.size) = 0 then 
me i- i 

endif 
endfor 

if me = NONE then 
if fill then 

GlobarrB(th5..GT]IGTBLast(th5..GTjJ ^ data 
GTBLast(th5..GTj <- (GTBLast{th5..GT] + I)g-I..O 
if GTBLast[th5 .gtJ = 0 t^^en 

GTBLastfths .GT) ^ GTBFirst(th5..GTj 

GTBBump(th5„GTj <- ^ 

endif 

endif 

else 

GlobalTB[th5..GTj(meJ <- data 

endif 
enddef 

Physical address 

There may be as many GTB as threads, and up to 2^^ registers per GTB (5 registers are 
implemented). The physical address of a GTB control register for thread th, register m, byte 
bis: 



63 2423 1918 87 43 0 

I FFFF FFFF ODOO 0000 ^s. 24 



th 



rn 



40 5 11 



Note that in the diagram above, the low-order GT bits of the th value are ignored, reflecting 
that threads share single GTB registers. A single set of GTB registers shared between 
threads appears multiple times in the address space, and manipulates the GTB of the threads 
with which the registers are associated. 

The GTBUpdate register is a 128-bit memory-mapped location, to which a write operation 
performes the operation defined above. A read operation returns a zero value. The format of 
the GTBUpdateFill register is identical to that of a GTB entry. 

The registers GTBLast, GTBFirst, and GTBBump are memory mapped. The GTBLast and 
GTBFirst registers are G bits wide, and the GTBBump register is one bit.: 
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63 




GG-l 0 


1 


0 


1 GTBLast | 




48 


G 


63 




GG-1 0 


1 


0 


1 GTBFIrst | 




48 


G 


63 




1 0 


1 


0 


1 GTBBump | 



63 I 



Definition 

def data.flags i- AccessPhysicalGTBRegisters(pa,op,wdata) as 
t^» pa23.J9+GT 110^ 
rn ^ pai8..8 

if (rn < 5) and (th < TJ and |pai8+GT..I9 = 0) and |pa7.,4 = 0) then 
case rn 1 1 op of 

0 I I R, I I I R: 

data ir- 0 
0 I I W, I I I W: 

GTBUpdateWrite(th,rno,wdata) 
2 I I R: 

data ^ 064-G I j GTBLast(th5..GTj 

2 I I W: 

GTBLastfths.GTj ^ wdataG-i..o 

3 I I R: 

data <- 064-G I I GTBFirst|th5..GTj 
3 I I W; 

GTBFirst(th5..GTj <- wdataQ-i o 
3 II R: 

data <- 0^3 II GTBBump(th5„GTj 
3 II W: 

GTBBump[th5..GT] wdatao 

endcase 

else 

data 0 

endif 
enddef 

Address Generation 

The address units of each of the four threads provide up to two global virtual addresses of 
load, store, or memory instructions, for a total of eight addresses. LTB units associated with 
each thread translate the local addresses into global addresses. The LZC operates on global 
addresses. MTB, BTB, and PTB units associated with each thread translate the global 
addresses into physical addresses and cache addresses. (A PTB unit associated with each 
thread produces physical addresses and cache addresses for program counter references. - 
this is optional, as by limiting address generation to two per thread, the MTB can be used for 



-326- 



MicroUnity 



Zeus System Architecture Tue, Aug 1 7, 1 999 Memory Management 

Memory Banks 

program references.) Cache addresses are presented to the LOG as required, and physical 
addresses are checked against cache tags as required. 

Memory Banks 

The LZC has two banks, each servicing up to four requests. The LOG has eight banks, each 
servicing at most one request. 

Assuming random request addresses, the following graph shows the expected rate at which 
requests are serviced by multi-bank/ multi-port memories that have 8 total ports and divided 
into 1, 2, 4, or 8 interleaved banks. The LZG is 2 banks, each with 4 ports, and die LOG is 8 
banks, each 1 port. 



Bank Arbitration 




0123456789 10 11 12 



Applied References 

— f—S-bank 1-port LOG -•-4-bank 2i)0rt -^.t- 2-bank 4-port LZC 1-bank 8-port 

Note a small difference between applying 12 references versus 8 references for the LOG (6.5 
vs 5.2), and for the LZG (7.8 vs. 6.9). This suggests that simplifying the system to produce 
two address per thread (program+load/store or two load/store) will not overly hurt 
performance. A closer simulation, taking into account the sequential nature of the program 
and load/ store traffic may well yield better numbers, as threads will tend to line up in non- 
interfering patterns, and program microcaching reduces program fetching. 
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The foUowing graph shows the rates for both 8 total ports and 16 total ports. 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 



Applied References 

— 8-bank 1-port LOG — 4-bank 2-port — 2-bank 4-poft LZC 1-bank 8-poft 

-e-IS-bankl-port -o-6-bank 2-poft -»—4-bank4i)0ft -♦-2-bank8-port 1-bank 16-port 

Note significant differences between 8-port systems and 16-port systems, even when used 
with a maximum of 8 applied references. In particular, a 16-bank 1-port system is better than 
a 4-bank 2-port system with more than 6 applied references. Current layout estimates would 
require about a 14% area increase (assuming no savings from smaller/ simpler sense amps) to 
switch to a 16-port LOG, with a 22% increase in 8-refcrence throughput. 

Program Microcache 

A program microcache (PMQ which holds only program code for each thread may 
optionally exist, and does exist for the initial implementation. The program microcache is 
flushed by reset, or by executing a B.BARRIER instruction. The program microcache is 
always clean, and is not snooped by writes or otherwise kept coherent, except by flushing as 
indicated above. The microcache is not altered by writing to the LTB or GTB, and software 
must execute a B.BARRIER instruction before expecting the new contents of the LTB or 
GTB to affect determination of PMC hit or miss status on program fetches. 
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In the initial implementation, the program microcache holds simple loop code. The 
microcache holds two separately addressed cache lines. Branches or execution beyond this 
region cause the microcache to be flushed and refilled at the new address, provided that the 
addresses are executable by the current thread. The program microcache uses the B.HINT 
and B.HINT.I to accelerate fetching of program code when possible. The program 
microcache generally functions as a prefetch buffer, except that short forward or backward 
branches within the region covered maintain the contents of the microcache. 

Program fetches into the microcache are requested on any cycle in which less than two 
load/ store addresses are generated by the address unit, unless the microcache is already full. 
System arbitration logic should give program fetches lower priority than load/store 
references when first presented, then equal priority if the fetch fails arbitration a certain 
number of times. The delay until program fetches have equal priority should be based on the 
expected time the program fetch data will be executed; it may be as small as a single cycle, or 
greater for fetches which arc far ahead of the execution point. 

Wide Microcache 

A wide microcache (WMQ which holds only data fetched for wide (W) instructions may 
optionally exist, and does exist for the initial implementation, for each unit which 
implements one or more wide (W) instructions. 

The wide (W) instructions each operate on a block of data fetched from memory and the 
contents of one or more registers, producing a result in a register. Generally, the amount of 
data in the block exceeds the maximum amount of data that the memory system can supply 
in a single cycle, so caching the memory data is of particular importance. All the wide (W) 
instructions require that the memory data be located at an aligned address, an address that is 
a multiple of the size of the memory data, which is always a power of two. 

The wide (W) instructions are performed by functional units which normally perform 
execute or "back-end" instructions, though the loading of the memory data requires use of 
the access or "front-end" functional units. To minimize the use of the "front-end" 
functional units, special rules are used to maintain the coherence of a wide microcache 
(WMQ. 

Execution of a wide (W) instruction has a residual effect of loading the specified memory 
data into a wide microcache (WMQ. Under certain conditions, a future wide (W) instruction 
may be able to reuse the WMC contents. 

First of all, any store or cache coherency action on the physical addresses referenced by the 
WMC will invalidate the contents. The minimum translation unit of the virtual memory 
system, 256 bytes, defines the number of physical address blocks which must be checked by 
any store. A WMC for the W.TABLE instruction may be as large as 4096 bytes, and so 
requires as many as 16 such physical address blocks to be checked for each WMC entry. A 
WMC for die W.SWITCH or W.MUL.* instructions need check only one address block for 
each WMC entry, as the maximum size is 128 bytes. 
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By making these checks on the physical addresses, we do not need to be concerned about 
changes to the virtual memory mapping from virtual to physical addresses, and the virtual 
memory state can be freely changed without invalidating any WMC. 

Absent any of the above changes, the WMC is only valid if it contains the contents relevant 
to the current wide (W) instruction. To check this with minimal use of the front-end units, 
each WMC entry contains a first tag with the thread and address register for which it was last 
used. If the current wide (W) instruction uses the same thread and address register, it may 
proceed safely. Any intervening writes to that address register by that thread invalidates the 
WMC thread and address register tag. 

If the above test fails, the front-end is used to fetch the address register and check its 
contents against a second WMC tag, with the physical addresses for which it was last used. If 
the tag matches, it may proceed safely. As detailed above, any intervening stores or cache 
coherency action by any diread to the physical addresses invalidates the WMC entry. 

If both the above tests fail for all relevant WMC entries, there is no alternative but to load 
the data from the virtual memory system into the WMC. The front-end units are responsible 
for generating the necessary addresses to the virtual memory system to fetch the entire data 
block into a WMC. 

For the first implementation, it is anticipated that there be eight WMC entries for each of the 
two X units (for W.SWITCH instructions), eight WMC entries for each of die two E units 
(for W.MUL instructions), and four WMC entries for the single T unit. The total number of 
WMC address tags requires is 8*2*1+8*2*1+4*1*16 = 96 entries. 

The number of WMC address tags can be substantially reduced to 32+4=36 entries by 
making an implementation restriction requiring that a single translation block be used to 
translate the data address of W.TABLE instructions. With this restriction, each WTABLE 
WMC entry uses a contiguous and aligned physical data memory block, for which a single 
address tag can contain the relevant information. The size of such a block is a maximum of 
4096 bytes. The restriction can be checked by examining the size field of the referenced 
GTB entry. 

Level Zero Cache 

The innermost cache level, here named the "Level Zero Cache," (LZQ is fiilly associative 
and indexed by global address. Entries in the LZC contain global addresses and previously 
fetched data from the memory system. The LZC is an implementation feature, not visible to 
the Zeus architecture. 

Entries in the LZC are also used to hold the global addresses of store instructions that have 
been issued, but not yet completed in the memory system. The LZC entry may also contain 
the data associated with the global address, as maintained either before or after updating 
with the store data. When it contains the post-store data, results of stores may be forwarded 
directiy to the requested reference. 
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With an LZC hit, data is returned from the LZC data, and protection from the LZC tag. No 
LOG access is required to complete the reference. 

All loads and program fetches are checked against the LZC for conflicts with entries being 
used as store buffer. On a LZC hit on such entries, if the post-store data is present, data may 
be retumed by the LZC to satisfy the load or program fetch. If the post-store data is not 
present, the load or program fetch must stall imtil the data is available. 

With an LZC miss, a victim entry is selected, and if dirty, the victim entry is written to the 
LOC. The LOC cache is accessed, and a valid LZC entry is constructed from data from the 
LOC and tags from the LOC protection information. 

All stores are checked against the LZC for conflicts, and further cause a new entry in the 
LZC, or "take over" a previously clean LZC entry for this purpose. Unaligned stores may 
require two entries in the LZC. At time of allocation, the address is filled in. 

Two operations then occur in parallel - 1) for write-back cached references, the remaining 
bytes of the hexlet are loaded from the LOC (or LZQ, and 2) the addressed bytes are filled 
in with data from data path. If an exception causes the store to be purged before retirement, 
the LZC entry is marked invalid, and not written back. When the store is retired, the LZC 
entry can be written back to LOC or external interface. 

Structure 

The eight memory addresses are partitioned into up to four odd addresses, and four even 
addresses. 

The LZC contains 16 fully associative entries that may each contain a single hexlet of data at 
even hexlet addresses (LZCE), and another 16 entries for odd hexlet addresses (LZCO). The 
maximum capacity of die LZC is 16*32=512 bytes. 

The tags for these entries are indexed by global virtual address (63..5), and contain access 
control information, detailed below. 

The address of entries accessed associatively is also encoded into binary and provided as 
output from the tags for use in updating the LZC, through its write ports. 



8 bit rwxg 
16 bit valid 
16 bit dirty 
4 bit L0$ address 
16 bit protection 
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def data,protectvalid,dirty,match ^ LevelZeroCacheRead(ga) as 
eo <- ga4 
match ^ NONE 

for i 4- 0 to LevelZeroCacheEntrieV2-l 
if (ga63..5 = LevelZeroTag(eoJIiJ then 
match <- i 

endif 
endfor 

if match = NONE then 

raise LevelZeroCacheMiss 

else 

data ^ LevelZeroData(eoJ[matchIi27..o 
valid LevelZeroData(eoJ(matchJi43.j28 
dirty LevelZeroData[eoJ(matchJi59 
protect ^ LevelZeroData(eoJ[matchJi67..i60 

endif 
enddef 

Level One Cache 

The next cache level, here named the "Level One Cache " (LOQ is four-set-associative and 
indexed by the physical address. The eight memory addresses are parddoned into up to eight 
addresses for each of eight independent memory banks. The LOG has a cache block size of 
256 bytes, with triclet (32-byte) sub-blocks. 

The LOC may be partitioned into two sections, one part used as a cache, and the remainder 
used as "niche memory." Niche memory is at least as fast as cache memory, but unlike 
cache, never misses to main memory. Niche memory may be placed at any virtual address, 
and has physical addresses fixed in the memory map. The nl field in the control register 
configures the partitioning of LOC into cache memory and niche memory. 

The LOC data memory is (256+8)x4x(128+2) bits, depth to hold 256 entries in each of four 
sets, each entry consisting of one hexlet of data (128 bits), one bit of parity, and one spare 
bit. The additional 8 entries in each of four sets hold the LOC tags, with 128 bits per entry 
for 1/8 of the total cache, using 512 bytes per data memory and 4K bytes total. 

There are 128 cache blocks per set, or 512 cache blocks total. The maximum capacity of the 
LOC is 128k bytes. Used as a cache, the LOC is partitioned into 4 sets, each 32k b3rtes. 
Physically, the LOC is partitioned into 8 interleaved physical blocks, each holding 16k bytes. 

The physical address pa^j.^o is partitioned as below into a 52 to 54 bit tag (three to five bits 
are duplicated from the following field to accommodate use of portion of the cache as 
niche), 8-bit address to the memory bank (7 bits are physical address (pa), 1 bit is virtual 
address (v)), 3 bit memory bank select (bn), and 4-bit byte address (bt). All access to the 
LOC are in units of 128 bits (hexlets), so the 4-bit byte address (bt) does not apply here. The 
shaded field ^a,v) is translated via nl to a cache identifier (d) and set identifier (s^ and 
presented to die LOC as the LOC address to LOC bank bn. 
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63 1514 876 43 0 

I tag 



49 7 13 4 

The LOG tag consists of 64 bits of information, including a 52 to 54-bit tag and other cache 
state information. Only one MTB entry at a time may contain a LOG tag. 

With 256 byte cache lines, there are 512 cache blocks. At 64 bits per tag, the cache tags 
require 4k bytes of storage. This storage is adjacent to the LOG data memory itself, using 
physical addresses = 1024..1055. Alternatively (see detailed description below), physical 
addresses = 0..31 may be used. 

The format of a LOG tag entry is shown below. 

63 1211 0 

1 tag I i; I 

52 12 
11 10 9 87 0 

I da I vs I mesi | tv j 



112 8 

The meaning of the fields are given by the following table: 



name 


size 


meaning 


tag 


52 


physical address tag 


da 


I 


detail access (or physical address bit 11) 


vs 


I 


victim select (or physical address bit 10) 


mesi 


2 


coherency: modified (3), exclusive (2), shared (1), invalid (0) 


tv 


8 


triclet valid (1) or Invalid (0) 



To access the LOG, a global address is supplied to the Micro-Tag Buffer (MTB), which 
associatively looks up the global address into a table holding a subset of the LOG tags. In 
particular, each MTB table entry contains the cache index derived from physical address bits 
14..8, ci, (7 bits) and set identifier, si, (2 bits) required to access the LOG data. Each MTB 
table entry also contains the protection information of the LOG tag. 

With an MTB hit, protection information is supplied from the MTB. The MTB supplies the 
resulting cache index (ci, from the MTB), set identifier, si, (2 bits) and virtual address (bit 7, 
V, from the LA), which are applied to die LOG data bank selected firom bits 6..4 of die LA. 
The diagram below shows the address presented to LOG data bank bn. 

10 9 32 I 0 2 0 

address jOl cl | si | v | bank j bn | 

17 2 1 3 

With an MTB miss, the GTB (described below) is referenced to obtain a physical address 
and protection information. 
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To select the cache line, a 7-bit niche limit register nl is compared against the value of 
pai4..8 from the GTB. If pai4..8<nl, a 7-bit address modifier register am is inclusive-or'ed 
against pai4..8, producing a cache index, ci. Otherwise, pai4,.8 is used as ci. Cache lines 
0..nl-l, and cache tags 0..nl-l, are available for use as niche memory. Cache lines nl..l27 and 
cache tags nl..l27 are used as LOG. 

cl <- (pai4..8<nl) ? (pai4..8l lam) : pai4..8 

The address modifier am is (l7-log(128-nl) | | olog(128-nl))^ Th^ bt field specifies the least- 
significant bit used for tag, and is (nl<l 12) ? 12 : 8+log(128-nl): 



nl 


am 


bt 


0 


0 


12 


1..64 


64 


12 


65..96 


96 


12 


97.. 1 12 


112 


12 




mmm 


mmm 


mmmmm 


mmm. 






EMM 

• '('■•V.py?, '■■'■ ] 




f; ; ■ t'.'-i.:, . <• . .-^j. t ./ 







Values for nl in the range 113..127 require more than 52 physical address tag bits in the LOC 
tag and a requisite reduction in LOC features. Note that the presence of bits 14..10 of the 
physical address in the LOC tag is a result of the possibility that, with am=64..127, the cache 
index value ci cannot be relied upon to supply bit 14..8. Bits 9..8 can be safely inferred from 
the cache index value ci, so long as nl is in the range 0..124. When nl is in the range 
11 3., 127, the da bit is used for bit 11 of the physical address, so the Tag detail access bit is 
suppressed. When nl is in the range 121..127, the vs bit is used for bit 10 of the physical 
address, so victim selection is performed widiout state bits in the LOC tag. When nl is in the 
range 125..127, the set associativity is decreased, so that sii is used for bit 9 of the physical 
address and when nl is 127, sio is used for bit 8 of the physical address. 

Four tags are fetched from the LOC tags and compared against the PA to determine which 
of the four sets contain the data. The four tags are contained in two consecutive banks; they 
may be simultaneously or independendy fetched. The diagram bdow shows the address 
presented to LOC data bank (cii„o | | sii). 

10 9 54 0 2 I 0 

address jCTI 0 \ cl6.,2 | bank jcl|„o|sl| 

1 5 5 2 1 

Note that the CT architecture description variable is present in the above address. CT 
describes whether dedicated locations exist in the LOC for tags at the next power-of-two 
boundary above the LOC data. The niche-mapping mechanism can provide the storage for 
the LOC tags, so the existence of these dedicated tags is optional: If CT=0, addresses at the 
beginning of the LOC (0..31 for this implementation) are used for LOC tags, and the nl 
value should be adjusted accordingly by software. 
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The LOG address (ci | | si) uniquely identifies the cache location, and this LOG address is 
associatively checked against all MTB entries on changes to die LOG tags, such as by cache 
block replacement, bus snooping, or software modification. Any matching MTB entries are 
flushed, even if the MTB entry specifies a different global address - this permits address 
aliasing (the use of a physical address with more than one global address. 

With an LOG miss, a victim set is selected (LOG victim selection is described below), whose 
contents, if any sub-block is modified, is written to the external memory. A new LOG entry 
is constructed with address and protection information from the GTB, and data fetched 
from external memory. 

The diagram below shows the contents of LOG data memory banks 0..7 for addresses 
0..2047: 



address 


bank 7 


bank 1 


bank 0 


0 


line 0, hexlet 7, set 0 




tine 0. hexlet 1. set 0 


tine 0. hexlet 0, set 0 


1 


line 0, hexlet 1 5. set 0 




line 0. hexlet 9. set 0 


tine 0. hexlet 8, set 0 


2 


line 0, hexlet 1, set 1 




line 0. hexlet 1. set 1 


tine 0. hexlet 0, set I 


3 


line 0, hexlet 15. set 1 




line 0. hexlet 9. set 1 


line 0. hexlet 8, set 1 


4 


line 0, hexlet 1, set 2 




tine 0. hexlet 1, set 2 


line 0, hexlet 0, set 2 


5 


line 0, hexlet 15, set 2 




line 0, hexlet 9, set 2 


line 0. hexlet 8, set 2 


6 


line 0, hexlet 1, set 3 




line 0, hexlet I, set 3 


line 0, hexlet 0. set 3 


7 


line 0. hexlet 1 5, set 3 




line 0, hexiet 9. set 3 


line 0, hexlet 8, set 3 


8 


line 1, hexJet 1, set 0 




line 1, hexiet 1, set 0 


line 1, hexlet 0, set 0 


9 


line 1, hexlet 15. set 0 




line I, hexJet 9. set 0 


line 1, hexlet 8. set 0 


10 


line 1, hexlet 7, set I 




line 1, hexlet 1. set 1 


line 1. hexlet 0. set 1 


II 


fine 1, hexiet 15, set 1 




line 1, hexlet 9. set I 


line 1. hexlet 8. set 1 


12 


line \. hexiet 7. set 2 




line I. hexlet I. set 2 


line 1. hexlet 0, set 2 


13 


line 1, hexiet IS, set 2 




line 1. hexlet 9. set 2 


line 1. hexlet 8. set 2 


H 


line I. hexJet 7, set 3 




line 1. hexlet 1. set 3 


tine 1. hexlet 0. set 3 


15 


line I. hexiet IS, set 3 




line 1. hexlet 9. set 3 


line 1. hexlet 8, set 3 












1016 


line 127, hexlet 7, set 0 




line 127. hexlet 1. set 0 


tine 127, hexlet 0. set 0 


1017 


line 127. hexlet 15. set 0 




line 127. hexlet 9. set 0 


tine 127. hexlet 8. set 0 


1018 


line 127. hexlet 7. set 1 




line 127. hexlet 1. set 1 


line 127, hexlet 0, set 1 


1019 


line 127. hexlet 15. set 1 




tine 127. hexlet 9. set 1 


line 127, hexlet 8. set 1 


1020 


tine 127. hexlet 7. set 2 




line 127, hexlet 1. set 2 


tine 127. hexlet 0. set 2 


1021 


line 127, hexlet 15. set 2 




line 127. hexlet 9, set 2 


line 127, hexlet 8. set 2 


1022 


tine 127. hexlet 7. set 3 




line 127. hexiet I. set 3 


line 127, hexlet 0, set 3 


1023 


line 127. hexlet 15, set 3 




line 127. hexlet 9, set 3 


line 127. hexlet 8. set 3 


1024 


tag line 3, sets 3 and 2 




tag line 0. sets 3 and 2 


tag line 0, sets 1 and 0 


1025 


tag line 7. sets 3 and 2 




tag line 4. sets 3 and 2 


tag line 4. sets 1 and 0 












1055 


tag line 127. sets 3 and 2 




tag tine 124. sets 3 and 2 


tag line 124. sets 1 and 0 


1056 


resen/ed 




reserved 


resented 












2047 


reserved 




reserved 


reserved 
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The foUowing table summarizes the state transitions required by the LOG cache: 



cc 


op 


mesi 




bus op 


c 


X 


mesi 






m 


notes 


NC 


R 


X 


X 


uncached read 
















NC 


W 


X 


X 


uncached write 
















CD 


R 




X 


uncached read 
















CD 


R 


X 


0 


uncached read 
















CD 


R 


MES 


1 


(hit) 
















CD 


W 




X 


uncached write 
















CD 


W 


X 


0 


uncached write 
















CD 


W 


MES 


I 


uncached write 












1 




wr/WA 


R 




X 


triclet read 


0 


X 












WT/WA 


R 




X 


triclet read 


I 


0 


S 










WT/WA 


R 




>< 


triclet read 


1 


I 












WT/WA 


R 


MES 


0 


triclet read 


0 


X 










inconsistent KEN# 


WT/WA 


R 


S 


0 


triclet read 


1 


0 












WT/WA 


R 


s 


0 


triclet read 


I 


1 










E->S: extra sharing 


WT/WA 


R 


E 


0 


triclet read 


1 


0 












WT/WA 


R 


E 


0 


triclet read 


1 


1 


s 








shared block 


WT/WA 


R 


M 


0 


triclet read 


1 


0 


S 








other subblocks M->l 


WT/WA 


R 


M 


0 


triclet read 


I 


I 










E->M: extra dirty 


WT/WA 


R 


MES 


1 


(hit) 
















WT 


W 


1 


X 


uncached write 
















WT 


W 


X 


0 


uncached write 
















WT 


W 


MES 


1 


uncached write 












1 




WA 


W 


1 


X 


triclet read 


0 


X 






1 




throwaway read 


WA 


W 


1 


X 


triclet read 


1 


0 


s 


] 


I 


I 




WA 


W 


1 


X 


triclet read 


I 


1 


M 


I 




1 




WA 


W 


MES 


0 


triclet read 


0 


X 






] 


] 


inconsistent KEN# 


WA 


W 


S 


0 


triclet read 


1 


0 


s 


] 


1 


] 




WA 


W 


s 


0 


triclet read 


1 


1 


M 


1 




I 




WA 


W 


s 


1 


write 




0 


s 


I 




J 




WA 


W 


s 


I 


write 




I 


S 


1 




I 


E->S: extra sharing 


WA 


W 


E 


0 


triclet read 


1 


0 


s 




1 






WA 


W 


E 


0 


triclet read 


1 


1 


E 




\ 






WA 


W 


E 


1 


(hit) 




X 


M 








E->M: extra dirty 


WA 


W 


M 


0 


triclet read 


I 


0 


M 




1 






WA 


W 


M 


0 


triclet read 


1 


I 


M 










WA 


W 


M 


1 


(hit) 




X 


M 
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CC 


cache control 


op 


operation: R=read, W=write 


mesi 


current mesi state 


V 


current tv state 


bus op 


bus operation 


c 


cachable (triclet) result 


X 


exclusive result 


mesI 


new mesi state 


V 


new tv state 


w 


cacheable write after read 


m 


merge store data with cache line data 


notes 


other notes on transition 



Definition 

def data,tda LevelOneCacheAccess(pa,size,lda,gdaxc,op,wd) as 
// cache index 

am (|7-log(128-nl) | | o'og( 1 28-nl)) 

ci <- (pai4..8<nl) 7 {pai4..8l lam) : pai4..8 

bt <- (nl^l 12) 7 12 : 8+log(128-nl) 

// fetch tags for all four sets 

tag 10 4- ReadPhysical(0xFFFFFFFF0000000063..i9l ICTI lO^I Icil lOM 10"*, 128) 
TagfOJ <- tagI063..o 
TagflJ <- tagl0i27..64 

tag32 ^ ReadPhysical(0xFFFFFFFF0000000063..i9l ICTi lO^llcil M ' I 10"*, 128) 
Tag(2J <- tag3263„o 
Tag(3J <- tag32|27..64 

vsc <- fragI3Iio 1 1 Tag(2Jio) (Tag(1Jio I I TagfOJio) 

// look for matching tag 
si <r- MISS 
for i <- 0 to 3 

if (Taglij63.l0 1 1 il..O H 07)63..bt = pa63..bt then 
si 4- i 

endif 
endfor 

// detail access checking on MISS 
if (si = MISS) and (Ida ?ft gda) then 
if gda then 

PerformAccessOetail(AccessOetailRequiredByGlobarrB) 

else 

PerformAccessOetailfAccessDetailRequiredByLocarrB) 

endif 

endif 

// If no matching tag or invalid MESI or no sub-block, perform cacheable read/write 
bd 4- (si = MISS) or frag(5ij9..8 = ') or ((op=W) and n"ag(sij9..8 = S)) or -Tagfsijpay 5 
if bd then 
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If (op=V(/) and (cc > WA) and ((si = MISS) or -Tagfsijpay 5 or frag{si)9..8 ^ S)) then 

data,cen,xen <- AccessPhysical(pa^i2exc,R,0) 

//if cache disabled or shared, do a write through 

if -cen or -xen then 

data,cen^en AccessPhyslcal(pa,sizexc,W,wd) 

endif 

else 

dataxen^en <- AccessPhysical(pa,size,ccop,wd) 

endif 
al cen 

else 

al <- 0 

endif 

// find victim set and eject from cache 
if al and (si = MISS or Tag(sij9„8 - I) then 
case bt of 
12..II; 

si vsc 

I0..8: 

gvsc gvsc + 1 

si ^ (bt^9) : pa9 ; gvsc pan I I (bt<8) : pas : gvsco"pa]o 

endcase 

If Tag(si]9..8 = M then 
for i ^ 0 to 7 

if Tag[si]i then 

vca ^ OxFFFFFFFF0000000063..i9l lOllcillsil II2..0I 10"* 
vdata ReadPhysicalfvca, 256) 

vpa <- {Tag(sij63..IO ' ' sil..O II 0^)63.,btl lpabt-l..8l l»2..ol 1 0110^ 
WritePhysical(vpa, 256, vdata) 

endif 
endfor 

endif 

if Tag(vsc+1]9..8 = I then 

nvsc vsc + 1 
elseif Tag(vsc+2J9„8 = ' then 

nvsc vsc + 2 
elseif Tag(vsc+3]9..8 = I then 

nvsc ^ vsc + 3 

else 

case cc of 

HQ, CD, WT, WA PF: 
nvsc ^ vsc + I 
LS, SS: 

nvsc <- vsc //no change 

endif 
endcase 

endif 
tda 0 

sm 07-pa7..5 11 1 ' II 0P37..5 

else 

nvsc <- vsc 

tda 4- (bt>n) 7 Tag(sl]ii : 0 
if al then 
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sm ^ TagIsil7..Hpa7 5 II l' II Taglsilpa^ 5.1..0 

endif 

endif 

// write new data into cache and update victim selection and other tag fields 
if al then 

if op=R then 

mesi <- xen ? E : S 

else 

mesi 4- xen 7 M : I TODO 

endif 

case bt of 
12: 

Tagfsi] <- pa63..bt M tda 1 1 Tag(si"2]|o " nvscjiQ I I mesi 1 1 sm 
TagfsI'lJio ir- Tag[si"3Iio " nvscpsio 

11: 

Tag(si] <- pa63..bt I i Tag[sl"2Jjo " nvscsiQ I I mesi 1 1 sm 
Tagfsi'^lliO <~ Tagfsi-^SJio nvscpaQ 

10: 

Tagfsi] <- pa63„bt I I "lesi I I sm 

endcase 
dt <- I 

nca <r- 0xFFFFFFFF0000000063^i9l lOllclllsil Ipa7..5l 10^ 
WritePhysicaljnca, 256, data) 

endif 

// retrieve data from cache 
if -bd then 

nca <r- 0xFFFFFFFF0000000063..i9l lOllcillsil Ipay^sl 10"* 
data ReadPhysical(nca, 128) 

endif 

// write data Into cache 

if (op=W) and bd and al then 

nca i- 0xFFFFFFFF0000000063..i9l 101 I cil I si I Ipa7„5l 10"* 

data ReadPhysicalfnca, 128) 

mdata datai27..8*(size+pa3..0) I I wd8*(sizefpa3..0)-!..8*pa3..0 I I data8*pa3..0..0 
WritePhysical(nca, 128, mdata) 

endif 

// prefetch into cache 

if al=bd and (cc=PF or cc=LS) then 

af 4- 0 // abort fetch if af becomes I 

f or i 0 to 7 

if -TagfsiJi and -af then 

data,cen,xen AccessPhysical(pa63^8 ' ' i2..0 1 1 0 II 0^,256,ccR,0) 
if cen then 

nca ^ OxFFFFFFFF0000000063.j9l 101 Icillsil li2..ol 10"* 
WritePhysicalfnca, 256, data) 
TagJsiJi ^ I 
dt ^ 1 

else 
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af ^ I 

endif 

endif 
endfor 

endif 

// cache tag writeback if dirty 
if dt then 

nt Tagfsij III') II Tagfsij I 10^) 

WritePhysical(0xFFFFFFFF0000000063^I9l ICTII05| Icil Isij 110^ 128, nt) 

endif 
enddef 

Physical address 

The LOG data memory banks are accessed implicldy by cached memory accesses to any 
physical memory location as shown above. The LOG data memory banks are also accessed 
explicidy by uncached memory accesses to particular physical address ranges. The address 
mapping of these ranges is designed to facilitate use of a contiguous portion of the LOG 
cache as niche memory. 

The physical address of a LOG hexlet for LOG address ba, bank bn, byte b is: 

63 1817 76 43 0 



FFFF FFFF 0000 0000 



63.. 18 



ba bn b | 



46 



II 3 4 



Within the explicit LOG data range, starting from a physical address pai7„o, die diagram 
below shows the LOG address (pan.j) presented to LOG data bank (p^^A)- 

10 0 2 0 




11 3 
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The diagram below shows the LOG data memory bank and address referenced by byte 
address offsets in the explicit LOG data range. Note that this mapping includes the addresses 
use for LOG tags. 



Byte offset 



0 


Dank 0, address 0 


16 


Dank t address 0 


32 


bank 2, address 0 


48 


t>ank 3 address 0 


64 


bank 4 address 0 


80 


blank 5, address 0 


96 


bank 6 address 0 


1 12 


bank 7 address 0 


128 


bank 0, address 1 


144 


bank 1, address I 


160 


bank 2, address 1 


176 


bank 3, address I 


192 


bank 4, address I 


208 


bank 5, address 1 


224 


bank 6, address I 


240 


bank 7, address 1 






262016 


bank 0, address 2047 


262032 


bank 1, address 2047 


262048 


bank 2, address 2047 


262064 


bank 3, address 2047 


262080 


bank 4, address 2047 


262096 


bank 5, address 2047 


262112 


bank 6, address 2047 


262128 


bank 7, address 2047 



Definition 

def data 4- AccessPhysicalLOC(pa,op,wd) as 
bank 4- pa6..4 
addr <- pa 1 7.7 
case op of 
R: 

rd 4- LOCArray(bank][addrl 

crc 4- LOCRedundancylbankJ 

data 4- (crc and rd|3o..2) or (-crc and rdt2a.o) 

PfO] ^ 0 

for 1 4- 0 to 128 by 1 

p(l+lj 4- p(jj " dataf 
endfor 

if ControlRegister6i and (p(129J ^ 1) then 
raise CacheError 

endif 

W: 

PfO] ^ 0 

for I 4- 0 to 127 by I 

p(l+lj <r- p[l] wdi 
endfor 

wdi2a 4- -p(128J 

crc 4- LOCRedundancylbankJ 

rdata 4- {crci26..o and wdi26..o) or (-crC|26..o and wdi28..2) 
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LOCArray(bankJ(addrJ <~ wd 128., 127 • ' rdata 1 I wdi„o 

endcase 
enddef 



Level One Cache Stress Control 

LOG cells may be fabricated with marginal parameters, for which changes in dock timing or 
power supply voltage may cause these LOG cells to fail or pass. When testing the LOG while 
the part is in a normal circuit environment, rather than a special test environment with 
changeable power supply levels, cells with marginal parameters may not reliably fail testing. 

To combat this problem, two bits of the control register, LOC stress, may be set to stress 
the circuit environment while testing. Under normal operation, these bits are cleared (00), 
while during stress testing, one or more of these bits are set (01, 10, 11). Self-testing should 
be performed in each of the environment settings, and the detected failures combined 
together to produce a reliable test for ceUs with marginal parameters. 

Level One Cache Redundancy 

The LOG contains facilities that can be used to avoid minor defects in the LOC data array. 

Each LOG bank has three additional bits of data storage for each 128 bits of memory data 
(for a total of 131 bits). One of these bits is used to retain odd parity over the 128 bits of 
memory data, and the other two bits are spare, which can be pressed into service by setting a 
non-zero value in the LOG redundancy control register for that bank. 

Each row of a LOG bank contains 131 bits: 128 bits of memory data, one bit for parity, and 
two spare bits: 

130 129128127 0 

I spare | p | data I 

2 1 128 

LOG redundancy control has 129 bits:: 

128 127 0 

fpc I control I 

1 128 

Each bit set in the control word causes the corresponding data bit to be selected &om a bit 
address increased by two: 

output ^ (data and '-control) or ((sparcQ | | p | | d^^^t27..2) control) 

parity <- (p and --pc) or (spare^ and pc) 

The LOG redundancy control register has 129 bits, but is written with a 128-bit value. To set 
the pc bit in the LOG redundancy control, a value is written to the control with either bit 
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124 set (1) or bit 126 set (1). To set bit 124 of the LOG redundancy control, a value is 
written to the control with both bit 124 set (1) and 126 set (1). When the LOG redundancy 
control register is read, the process is reversed by selecting the pc bit instead of control bit 
124 for the value of bit 124 if control bit 126 is zero (0). 

This system can remove one defective column at an even bit position and one defective 
column at an odd bit position within each LOG block. For each defective column location, 
X, LOG control bit must be set at bits x, x+2, x+4, x+6, ... If the defective column is in the 
parity location (bit 128), then set bit 124 only. The following table defines the control bits 
for parity, bit 126 and bit 124: (other control bits are same as values written) 



value 


value 124 


pc 


control 126 


control] 24 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


I 


0 


I 


1 


0 


1 


I 


1 


1 


I 



Physical address 

The LOG redundancy controls are accessed explicidy by uncached memory accesses to 
particular physical address ranges. 

The physical address of a LOG redundancy control for LOG bank bn, byte b is: 

63 76 43 0 



FFFF FFFF 0900 0000 ^3 7 

57 



Definition 

def data AccessPhysicalLOCRedundancy(pa,op,wd) as 
bank <- pa6..4 
case op of 
R: 

rd <- LOCRedundancy(bankJ 

data ^ rd|27..l25l I(rdi26 7 rd|24 : rd|28)l Irdi23..0 

W: 

rd <- (wd|26 or wdj24)l Iwd|27..i25* l(wd|26 and wd|24)l lwd|23..o 
LOCRedundancy[bdnk] <- rd 

endcase 
enddef 

Memory Attributes 

Fields in the LTB, GTB and cache tag control various attributes of the memory access in the 
specified region of memory. These include the control of cache consultation, updating, 
allocation, prefetching, coherence, ordering, victim selection, detail access, and cache 
prefetching. 
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Cache Control 



The cache may be used in one of five ways, depending on a three-bit cache control field (cc) 
in the LTB and GTB. The cache control field may be set to one of seven states: NC, CD, 
WT,WA,PF, SS,andLS: 



State 


read 


write 


read/write 


consult 


allocate 


update 


allocate 


victim 


prefetch 


No Cache 


0 


No 


No 


No 


No 


No 


No 


Cache Disable 


1 


Yes 


No 


Yes 


No 


No 


No 


Write Through 


2 


Yes 


Yes 


Yes 


No 


No 


No 


reserved 


3 














Write Allocate 


4 


Yes 


Yes 


Yes 


Yes 


No 


No 


PreFetch 


5 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


SubStream 


6 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


LineStream 


7 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 



The Zeus processor controls cc as an attribute in the LTB and GTB, thus software may set 
this attribute for certain address ranges and clear it for others. A three-bit field indicates the 
choice of caching, according to the table above. The maximum of the three-bit cache control 
field (cc) values of the LTB and GTB indicates the choice of caching, according to the table 
above. 



No Cache 

No Cache (NC) is an attribute that can be set on a LTB or GTB translation region to 
indicate that the cache is to be not to be consulted. No changes to the cache state result 
from reads or writes with this attribute set, (except for accesses that directly address the 
cache via memory-mapped region). 

Cache Disable 

Cache Disable (CD) is an attribute that can be set on a LTB or GTB translation region to 
indicate that the cache is to be consulted and updated for cache lines which are akeady 
present, but no new cache lines or sub-blocks are to be allocated when the cache does not 
already contain the addressed memory contents. 

The "Socket 7" bus also provides a mechanism for supporting chip sets to decide on each 
access whether data is to be cached, using the CACHE# and KEN# signals. Using these 
signals, external hardware may cause a region selected as WT, WA or PF to be treated as 
CD. This mechanism is only active on the first such access to a memory region if caching is 
enabled, as the cache may satisfy subsequent references without a bus transaction. 

Write Through 

Write Through (WT) is an attribute that can be set on a LTB or GTB translation region to 
indicate that the writes to the cache must also immediately update backing memory. Reads to 
addressed memory that is not present in the cache cause cache lines or sub-blocks to be 
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allocated. Writes to addressed memory that is not present in the cache does not modify 
cache state. 

The "Socket 7" bus also provides a mechanism for supporting chip sets to decide on each 
access whether data is to be written dirough, using die PWT and WB/WT# signals. Using 
these signals, external hardware may cause a region selected as WA or PF to be treated as 
WT. This mechanism is only active on the first write to each region of memory; as on 
subsequent references, if the cache line is in the Exclusive or Modified state and writeback 
caching is enabled on the first reference, no subsequent bus operation occurs, at least until 
the cache line is flushed. 

Write Allocate 

Write allocate (WA) is an attribute that can be set of a LTB or GTB translation region to 
indicate that the processor is to allocate a memory block to the cache when the data is not 
previously present in the cache and the operation to be performed is a store. Reads to 
addressed memory that is not present in the cache cause cache lines or sub-blocks to be 
allocated. For cacheable data, write allocate is generally the preferred policy, as allocating the 
data to the cache reduces further bus traffic for subsequent references (loads or stores) or 
the data. Write allocate never occurs for data which is not cached. A write allocate brings in 
the data immediately into the Modified state. 

Other "socket 7" processors have the ability to inhibit write allocate to cached locations 
under certain conditions, related by the address range. K6, for example, can inhibit write 
allocate in the range of 15-1 6Mbyte, or for all addresses above a configurable limit with 
4Mbyte granvdarity. Pentium has the ability to label address ranges over which write allocate 
can be inhibited. 

PreFetch 

Prefetch (PF) is an attribute that can be set on a LTB or GTB translation region to indicate 
that increased prefetching is appropriate for references in this region. Each program fetch, 
load or store to a cache line that or does not already contain all the sub-blocks causes a 
prefetch allocation of the remaining sub-blocks. Cache misses cause allocation of the 
requested sub-block and prefetch allocation of the remaining sub-blocks. Prefetching does 
not necessarily fill in the entire cache line, as prefetch memory references are performed at a 
lower priority to other cache and memory reference traffic. A limited number of prefetches 
(as low as one in the initial implementation) can be queued; the older prefetch requests are 
terminated as new ones are created. 

In other respects, the PF attribute is handled in the manner of the WA attribute. Prefetching 
is considered an implementation-dependent feature, and an implementation may choose to 
implement region with the PF attribute exacdy as with the WA attribute. 

Implementations may perform even more aggressive prefetching in future versions. Data 
may be prefetched into the cache in regions that are cacheable, as a result of program 
fetches, loads or stores to nearby addresses. Prefetches may extend beyond the cache line 
associated with the nearby address. Prefetches shall not occur beyond the reach of the GTB 
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entry associated with the nearby address. Prefetching is terminated if an attempted cache fill 
results in a bus response that is not cacheable. Prefetches are implementation-dependent 
behavior, and such behavior may vary as a result of other memory references or other bus 
activity. 

SubStream 

SubStream (SS) is an attribute that can be set on a LTB or GTB translation region to 
indicate that references in this region are to be selected as the next victim on a cache miss. In 
particular, cache misses, which normally place the cache line in the last-to-be-victim state, 
instead place the cache line in the first-to-be- victim state, except relative to cache lines in the 
I state. 

In other respects, the SS attribute is handled in the manner of die WA attribute. SubStream 
is considered an implementation-dependent feature, and an implementation may choose to 
implement region widi the SS attribute exactiy as widi die WA attribute. 

The SubStream attribute is appropriate for regions which are large data structures in which 
the processor is likely to reference the memory data just once or a small number of times, 
but for which the cache permits the data to be fetched using burst transfers. By making it a 
priority for victimization, these references are less likely to interfere with caching of data for 
which the cache performs a longer-term storage function. 

LtneStream 

LineStream (LS) is an attribute that can be set on a LTB or GTB translation region to 
indicate that references in this region are to be selected as the next victim on a cache miss, 
and to enable prefetching. In particular, cache misses, which normally place the cache line in 
the last-to-be-victim state, instead place the cache line in the first-to-be-victim state, except 
relative to cache lines in the I state. 

In other respects, the LS attribute is handled in the manner of the PF attribute. LineStream 
is considered an implementation-dependent feature, and an implementation may choose to 
implement region with the SS attribute exactiy as with the PF or WA attributes. 

Like the SubStream attribute, the LineStream attribute is particularly appropriate for regions 
for whch large data structures are used in sequential fashion. By prefetching the entire cache 
line, memory traffic is performed as large sequential bursts of at least 256 bytes, maximizing 
the available bus utilization. 
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Cache Coherence 



Cache coherency is maintained by using MESI protocols, for which each cache line (256 
bytes) the cache data is kept in one of four states: M, E, S, I: 



State 




this Cache data 


other Cache data 


Memory data 


Modified 


3 


Data is held 
exclusively in this 
cache. 


No data is present 
in other caches. 


The contents of 
main memory 
are now invalid. 


Exclusive 


2 


Data is held 
exclusively in this 
cache. 


No data is present 
in other caches. 


Data is the same 
as the contents 
of main memory 


Shared 


I 


Data is held in this 
cache, and possibly 
others. 


Data is possibly in 
other caches. 


Data is the same 
as the contents 
of main memory. 


Invalid 


0 


No data for this 
location is present 
in the cache. 


Data is possibly in 
other caches. 


Data is possibly 
present in main 
memory. 



The state is contained in the mesi field of the cache tag. 

In addition, because the "Socket 7" bus performs block transfers and cache coherency 
actions on triclet (32 byte) blocks, each cache line also maintains 8 bits of triclet valid (tv) 
state. Each bit of tv corresponds to a triclet sub-block of the cache line; bit 0 for bytes 0..31, 
bit 1 for bytes 32..63, bit 2 for bytes 64..95, etc. If the tv bit is zero (0), the coherence state 
for that triclet is I, no matter what the value of the mesi field. If the tv bit is one (1), the 
coherence state is defined by the mesi field. If all the tv bits are cleared (0), the mesi field 
must also be cleared, indicating an invalid cache line. 

Cache coherency activity generally foUows the protocols defined by the "Socket 7" bus, as 
defined by Pentium and K6-2 documentation. However, because the coherence state of a 
cache line is represented in only 10 bits per 256 bytes (1.25 bits per triclet), a few state 
transistions are defined differendy. The differences are a direct result of attempts to set 
triclets within a cache line to different MES states that cannot be represented. The data 
structure allows any triclet to be changed to the I state, so state transitions in this direction 
match the Pentium processor cxacdy. 

On the Pentium processor, for a cache Une in the M state, an external bus Inquiry cycle that 
docs not require invalidation (INV=0) places die cache line in the S state. On the Zeus 
processor, if no other triclet in the cache line is valid, the mesi field is changed to S. If other 
triclets in the cache line are valid, the mesi field is left unchanged, and the tv bit for this 
triclet is turned off, effectively changing it to the I state. 

On the Pentium processor, for a cache line in the E state, an external bus Inquiry cycle that 
does not require invalidation (INV=0) places the cache line in the S state. On the Zeus 
processor, the mesi field is changed to S. If other triclets in the cache line are valid, the 
MESI state is effectively changed to the S state for these other triclets. 
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On the Pentium processor, for a cache line in the S state, an internal store operation causes a 
write-through cycle and a transition to the E state. On the Zeus processor, the mesi field is 
changed to E. Other triclets in the cache line are invalidated by clearing the tv bits; the MESI 
state is effectively changed to the I state for these other triclets. 

When allocating data into the cache due to a store operation, data is brought immediately 
into the Modified state, setting the mesi field to M. If the previous mesi field is S, other 
triclets which are valid are invalidated by clearing the tv bits. If the previous mesi field is E, 
other triclets are kept valid and therefore changed to the M state. 

When allocating data into the cache due to a load operation, data is brought into the Shared 
state, if another processor reports that the data is present in its cache or the mesi field is 
already set to S, the Exclusive state, if no processor reports that the data is present in its 
cache and the mesi field is currentiy E or I, or the Modified state if the mesi field is akeady 
set to M. The determination is performed by driving PWT low and checking whether 
WB/WT# is sampled high; if so the line is brought into the Exclusive state. (See page 202 
(184) of the K6-2 documentation). 

Strong Ordering 

Strong ordering (so) is an attribute which permits certain memory regions to be operated 
with strong ordering, in which all memory operations are performed exactiy in the order 
specified by the program and others to be operated with weak ordering, in which some 
memory operations may be performed out of program order. 

The Zeus processor controls strong ordering as an attribute in the LTB and GTB, thus 
software may set this attribute for certain address ranges and clear it for others. A one bit 
field indicates the choice of access ordering. A one (1) bit indicates strong ordering, while a 
zero (0) bit indicates weak ordering. 

With weak ordering, the memory system may retain store operations in a store buffer 
indefinitely for later storage into the memory system, or until a synchronization operation to 
any address performed by the thread that issued the store operation forces the store to 
occur. Load operations may be performed in any order, subject to requirements that they be 
performed logically subsequent to prior store operations to the same address, and 
subsequent to prior synchronization operations to any address. Under weak ordering it is 
permitted to forward results from a retained store operation to a fiature load operation to the 
same address. Operations are considered to be to the same address when any bytes of the 
operation are in common. Weak ordering is usually appropriate for conventional memory 
regions, which are side-effect firce. 

With strong ordering, the memory system must perform load and store operations in the 
order specified. In particular, strong-ordered load operations are performed in the order 
specified, and all load operations (whether weak or strong) must be delayed until all previous 
strong-ordered store operations have been performed, which can have a significant 
performance impact. Strong ordering is often required for memory-mapped I/O regions, 
where store operations may have a side-effect on the value returned by loads to other 
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addresses. Note that Zeus has memory-mapped I/O, such as the TB, for which the use of 
strong ordering is essential to proper operation of the virtual memory system. 

The EWBE# signal in "Socket 7" is of importance in maintaining strong ordering. When a 
write is performed with the signal inactive, no further writes to E or M state lines may occur 
until the signal becomes active. Further details are given in Pentium documentation (K6-2 
docmentation may not apply to this signal.) 

Victim Selection 

One bit of the cache tag, the vs bit, controls the selection of which set of the four sets at a 
cache address should next be chosen as a victim for cache line replacement. Victim 
selectrion (vs) is an attribute associated with LOG cache blocks. No vs bits are present in the 
LTB or GTB. 

There are two hexlets of tag information for a cache line, and replacement of a set requires 
writing only one hexlet To update priority information for victim selection by writing only 
one hexlet, information in each hexlet is combined by an exdusive-or. It is the nature of the 
exclusive-or function that altering either of the two hexlets can change the priority 
information. 

Full victim selection ordering for four sets 

There are 4*3*2*1 = 24 possible orderings of the four sets, which can be compktely encoded in as few as 5 
bits: 2 bits to indicate highest priority, 2 bits for second-highest priority, 1 bit for third-highest priority, and 0 
bits for lowest priority. Dividing this up per set and duplicating per hexlet with the exclusive-or scheme above 
requires three bits per set, which suggests simply keeping track of the three-highest priority sets with 2 bits 
each, using 6 hits total and three hits per set 

Spedficalhf, vs bits from the four sets are combined to produce a 6 -bit value: 

(vs[3] I I vs[2]) ^ (vs[1] I I vs[q]) 

The highest priority for replacement is set vscf^^Of ^^^o^^ highest priority is set vsc^^j, third highest priority 
is set vscj^j, and lowest priority is vscs^^4^vsc3^j'^vscf,,0' When the highest priority set is replaced, it 
becomes the new lowest priority and the others are moved up, computing a new vsc by: 

vsc<— vscs,A^vsc3,,2^vsci^,o \ \ vscj^j 

When replacing set vsc for a UneStream or SubStream replacement, the priority for replacement is 
unchanged, unless another set contains the invalid MESI state, computing a new vsc by: 

ysc<-- mesi[vsc5^4^vsc3,j^vsci^^0]^J) ^ '^C5,A^ysc3,,2^vsci^^0 I I ysc5.,2' 
(mesifvscs^jj^l) ? vsc^^^q I I ^scs^^- 
(inesi[vsc3,^2]-^ ? ^scs^A \ \ vsci^^o \ \ ^^^3^.2 • 
vsc 
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Cache flushing and invalidations can cause cache Unes to be cleared out of sequential order. Flushing or 
invalidating a cache line waves that set to highest priority. If that set is already highest priority, the vsc is 
unchanged. If the set was second or third highest or lowest priority, the vsc is changed to move that set to 
highest priority, moving the others down. 

vyc<— ((f$=vsci,^o orfs^vscxj) ? vscs„4 : vsc}^^) \ \ (fs-vscf,,o ^ y^<^3..2 ' vsc^^o) I I ^ 

When updating the hexkt containing vs[ 1 ] and vsfO], the new values of vs[ 1 ] and vs[0] are: 

vsflj vs[3] ^ vscs^j 

vs[0] ^ vs[2J ^ vsc2„0 
When updating the hexkt containing vs[3] and vs[2], the new values of vs[3] and vs[2] are: 

vs[3] <- vs[1] J 

vs[2] ^ vs(0] ^ vsc2,^o 

Software must initialii^ the vs hits to a legal, consistent state. For example, to set the priority (highest to 
lowest) to (0, 1, 2, 3), vsc must be set to Obi 001 00. There are many legal solutions that yield this vsc 
value, such as vs[3] <- 0, vs[2] ^ 0, vs[1] 4,vslP] ^ 4. 

Simplified victim selection ordering for four sets 

However, the orderings are simplified in the first Zeus implementation, to reduce the 
number of vs bits to one per set, keeping a two bit vsc state value: 

vsc ^ (vs[3] 1 1 vs[2]) (vs[l] 1 1 vs[OD 

The highest priority for replacement is set vsc, second highest priority is set vsc+1, third 
highest priority is set vsc+2, and lowest priority is vsc+3. When the highest priority set is 
replaced, it becomes the new lowest priority and the others are moved up. Priority is given to 
sets with invalid MESI state, computing a new vsc by: 

vsc ^ mesi[vsc+l]=I) ? vsc + 1 : 
(mesi[vsc+2]=I) ? vsc + 2 : 
(mesi[v8c+3]=^ ? vsc + 3 : 
vsc + 1 

When replacing set vsc for a LineStream or SubStream replacement, the priority for 
replacement is unchanged, unless another set contains the invalid MESI state, computing a 
new vsc by: 

vsc mesi[vsc+l]=I) ? vsc + 1 : 

(mesi[vsc+2]=I) ? vsc + 2 : 
(mesi[vsc+3]=I) ? vsc + 3 : 
vsc 
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Cache flushing and invalidations can cause cache sets to be cleared out of sequential order. If 
the current highest priority for replacement is a valid set, the flushed or invalidated set is 
made highest priority for replacement. 

vsc (mesi[vsc]=I) ? vsc : fs 

When updating the hexlet containing vs[l] and vs[0], the new values of vs[l] and vs[0] are: 

vs[l] vs[3] ^ vsci 

vs[0] ^vs[2] ^ vsco 

When updating the hexlet containing vs[3] and vs[2], the new values of vs[3] and vs[2] are: 

vs[3] ^ vs[l] ^ vsci 

VS[21 ^ VS[0] ^ VSCQ 

Software must initialize the vs bits, but any state is legal. For example, to set the priority 
(highest to lowest) to (0, 1, 2, 3), vsc must be set to ObOO. There are many legal solutions that 
yield this vsc value, such as vs[3] ^ 0, vs[2] ^ 0, vs[l] ^ 0,vs[0] ^ 0. 

Full victim selection ordering for additional sets 

To extend the fuU-victim-ordering scheme to eight sets, 3*7=21 bits are needed, which divided among two 
tags is 11 bits per tag This is somewhat generous, as the minimum required is 8*7*6*5*4*3*2*1 -40320 
orderings, which can be represented in as few as 16 bits. Extending the fulUvictim-ordenng Jour-set scheme 
above to represent the first 4 priorities in binary, but to use 2 bits fi>r each of the next 3 priorities requires 
3'^3-^3-^3'^2-^2'\'2 = 18 bits. Representing fewer distinct orderings can further reduce the number of bits 
used As an extreme exampk, using the simplified scheme above with eight sets requires onh) 3 bits, which 
divided among two tags is 2 bits per tag 

Victim selection without LOC tag bits 

At extreme values of the niche limit register (nl in the range 121..124), the bit normally used 
to hold the vs bit is usurped for use as a physical address bit. Under these conditions, no vsc 
value is maintained per cache line, instead a single, global vsc value is used to select victims 
for cache replacement In this case, the cache consists of four lines, each with four sets. On 
each replacement a new si valus is computed from: 

gvsc gvsc + 1 

si^gysc'^paii^io 

The algorithm above is designed to utilize all four sets on sequential access to memory. 
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Victim selection encoding LOC tag bits 

At even more extreme values of the niche limit register (nl in the range 125..127), not only 
is the bit normally used to hold the vs bit is usurped for use as a physical address bit, but 
there is a deficit of one or two physical address bits. In this case, the number of sets can be 
reduced to encode physical address bits into the victim selection, allowing the choice of set 
to indicate physical address bits 9 or bits 9..8. On each replacement a new vsc valus is 
computed from: 

gvsc gvsc + 1 
si 4— pa9 1 1 (nl=127) ? pag : gvsc'^paio 
The algorithm above is designed to utilize all four sets on sequential access to memory. 

Detail Access 

Detail access is an attribute which can be set on a cache block or translation region to 
indicate that software needs to be consulted on each potential access, to determine whether 
the access should proceed or not. Setting this attribute causes an exception trap to occur, by 
which software can examine the virtual address, by for example, locating data in a table, and 
if indicated, causes the processor to continue execution. In continuing, ephemeral state is set 
upon returning to the re-execution of the instruction that prevents the exception trap from 
recurring on this particular re-execution only. The ephemeral state is cleared as soon as the 
instruction is either completed or subject to another exception, so DetailAccess exceptions 
can recur on a subsequent execution of the same instruction. Alternatively, if the access is 
not to proceed, execution has been trapped to software at this point, which can abort the 
thread or take other corrective action. 

The detail access attribute permits specification of access parameters over memory region on 
arbitrary byte boundaries. This is important for emulators, which must prevent store access 
to code which has been translated, and for simulating machines which have byte granularity 
on segment boundaries. The detail access attribute can also be applied to debuggers, which 
have the need to set breakpoints on byte-level data, or which may use the feature to set code 
breakpoints on instruction boundaries without altering the program code, enabling 
breakpoints on code contained in ROM. 

A one bit field indicates the choice of detail access. A one (1) bit indicates detail access, while 
a zero (0) bit indicates no detail access. Detail access is an attribute that can be set by the 
LTB, the GTB, or a cache tag. 

The table below indicates the proper status for all potential values of the detail access bits in 
the LTB, GTB, and Tag: 
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LTB 


GTB 


Tag 


status 


0 


0 


0 


OK - normal 


0 


0 


1 


AccessDetailRequiredByTag 


0 


1 


0 


AccessDetailRequlredByGTB 


0 


I 


1 


OK - GTB inhibited by Tag 


1 


0 


0 


AccessDetailRequiredByLTB 


1 


0 


1 


OK - LTB inhibited by Tag 


1 


1 


0 


OK - LTB inhibited by GTB 


1 


I 


1 


AccessDetailRequiredByTag 


0 


Miss 




GTBMiss 


1 


Miss 




AccessDetailRequiredByLTB 


0 


0 


Miss 


Cache Miss 


0 


1 


Miss 


AccessDetailRequiredByGTB 


1 


0 


Miss 


AccessDetailRequiredByLTB 


I 


I 


Miss 


Cache Miss 



The first eight rows show appropriate activities when all three bits are available. The detail 
access attributes for the LTB, GTB, and cache tag work together to define whether and 
which kind of detail access exception trap occurs. Generally, setting a single attribute bit 
causes an exception, while setting two bits inhibits such exceptions. In this way, a detail 
access exception can be narrowed down to cause an exception over a specified region of 
memory: Software generally will set the cache tag detail access bit only for regions in which 
the LTB or GTB also has a detail access bit set. Because cache activity may flush and refiU 
cache lines implicity, it is not generally useful to set the cache tag detail access bit alone, but 
if this occurs, the AccessDetailRequiredByTag exception catches such an attempt 

The next two rows show appropropriate activities on a GTB miss. On a GTB miss, the 
detail access bit in the GTB is not present If the LTB indicates detail access and the GTB 
misses, the AccessDetailRequiredByLTB exception should be indicated. If software 
continues from the AccessDetailRequiredByLTB exception and has not filled in the GTB, 
the GTBMiss exception happens next. Since the GTBMiss exection is not a continuation 
exception, a re-execution after the GTBMiss exception can cause a reoccurence of the 
AccessDetailRequiredByLTB exception. Alternatively, if software continues from the 
AccessDetailRequiredByLTB exception and has filled in the GTB, the 
AccessDetailRequiredByLTB exception is inhibited for that reference, no matter what the 
status of the GTB and Tag detail bits, but the re-executed instruction is still subject to the 
AccessDetailRequiredByGTB and AccessDetailRequiredByTag exceptions. 

The last four rows show appropriate activities for a cache miss. On a cache miss, the detail 
access bit in the tag is not present If the LTB or GTB indicates detail access and the cache 
misses, the AccessDetailRequiredByLTB or AccessDetailRequiredByGTB exception should 
be indicated. If software continues from these exceptions and has not filled in the cache, a 
cache miss happens next. If software continues from the AccessDetailRequiredByLTB or 
AccessDetailRequiredByGTB exception and has filled in the cache, the previous exception is 
inhibited for that reference, no matter what the status of the Tag detail bit, but is still subject 
to the AccessDetailReqviiredByTag exception. When the detail bit must be created from a 
cache miss, the intial value filled in is zero. Software may set the bit, thus turning off 
AccessDetailRequired exceptions per cache line. If the cache line is flushed and refilled, the 
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detail access bit in the cache tag is again reset to zero, and another AccessDetaiiReqxaired 
exception occurs. 

Settings of the niche limit parameter to values that require use of the da bit in the LOG tag 
for retaining the physical address usurp the capability to set the Tag detail access bit Under 
such conditions, the Tag detail access bit is effectively always zero (0), so it cannot inhibit 
AccessDetailRequiredByLTB, inhibit AccessDetailRequiredByGTB, or cause 
AccessDetailRequiredByTag. 

The execution of a Zeus instruction has a reference to one quadlet of instruction, which may 
be subject to the DetailAccess exceptions, and a reference to data, which may be unaligned 
or wide. These unaligned or wide references may cross GTB or cache boundaries, and thus 
involve multiple separate reference that are combined together, each of which may be 
subject to the DetailAccess exception. There is sufficient information in the DetailAccess 
exception handler to process unaligned or wide references. 

The implementation is free to indicate DetailAccess exceptions for unaligned and wide data 
references cither in combined form, or with each sub-reference separated. For example, in 
an unaligned reference that crosses a GTB or cache boundary, a DetailAccess exception may 
be indicated for a portion of the reference. The exception may report the virtual address and 
size of the complete reference, and upon continmng, may inhibit reoccurrence of the 
DetailAccess exception for any portion of the reference. AJtematively, it may report the 
virtual address and size of only a reference portion and inhibit reoccurrence of the 
DetailAccess exception for only that portion of the reference, subject to another 
DetailAccess exception occurring for the remaining portion of the reference. 

Micro Translation Buffer 

The Micro Translation Buffer (MTB) is an implementation-dependent structure which 
reduces the access traffic to the GTB and the LOG tags. The MTB contains and caches 
information read from the GTB and LOG tags, and is consulted on each access to the LOG. 

To access the LOG, a global address is supplied to the Micro-Translation Buffer (MTB), 
which associatively looks up the global address into a table holding a subset of the LOG tags. 
In addition, each table entry contains the physical address bits 14..8 (7 bits) and set identifier 
(2 bits) required to access the LOG data. 

In the first Zeus implementation, there are two MTB blocks - MTB 0 is used for threads 0 
and 1, and MTB 1 is used for threads 2 and 3. Per clock cycle, each MTB block can check 
for 4 simultaneous references to the LOG. Each MTB block has 16 entries. 

Each MTB entry consists of a bit less than 128 bits of information, including a 56-bit global 
address tag, 8 bits of privilege level required for read, write, execute, and gateway access, a 
detail bit, and 10 bits of cache state indicating for each triclet (32 bytes) sub-block, the MESI 
state. 
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Match 

63 87 43 0 

I III 

56 4 4 

Output 

The output of the MTB combines physical address and protection information from the 
GTB and the referenced cache line, 
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The meaning of the fields are given by the following table: 



name 


size 


meaning 


ga 


56 


global address 


gi 


9 


GTB index 


ci 


7 


cache index 


si 


2 


set index 


vs 


12 


victim select 


da 


1 


detail access (from cache line) 


mesi 


2 


coherency: modified (3), exclusive (2), shared (1), invalid (0) 


tv 


8 


triclet valid (1) or invalid (0) 

III ■ ' " ' 


g 


2 


minimum privilege required for gateway access 


X 


2 


minimum privilege required for execute access 


w 


2 


minimum privilege required for write access 


r 


2 


minimum privilege required for read access 


0 


1 


reserved 


da 


I 


detail access (from GTB) 


so 


I 


strong ordering 


cc 


3 


cache control 



With an MTB hit, the resulting cache index (14..8 from the MTB, bit 7 from the LA) and set 
identifier (2 bits from the MTB) are applied to die LOG data bank selected from bits 6..4 of 
the GVA. The access protection information (pr and rwxg) is supplied from the MTB. 

With an MTB (and BTB) miss, a victim entry is selected for replacement. The MTB and 
BTB are always clean, so the victim entry is discarded without a writeback. The GTB 
(described below) is referenced to obtain a physical address and protection information. 
Depending on the access information in the GTB, either the MTB or BTB is filled. 

Note that the processing of the physical address pai4„8 against the niche limit nl can be 
performed on the physical addr^ess from the GTB, producing the LOG address, ci. The LOG 
address, after processing against the nl is placed into the MTB direcdy, reducing the latency 
of an MTB hit. 

Four tags are fetched from the LOG tags and compared against the PA to determine which 
of the four sets contain the data. If one of the four sets contains the correct physical address, 
a victim MTB entry is selected for replacement, the MTB is filled and the LOG access 
proceeds. If none of the four sets is a hit, an LOG miss occurs. 

MTB miss GTBcamLOGtag MTB fill 

MTB victim 

LOG miss 

The operation of the MTB is largely not visible to software - hardware mechanisms are 
responsible for automatically initializing, filling and flushing the MTB. Activity that modifies 
the GTB or LOG tag state may require that one or more MTB entries are flushed. 
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A write to the GTBUpdate register that updates a matching entry, a write to the 
GTBUpdateFill register, or a direct write to the GTB all flush relevant entries from the 
MTB. MTB flushing is accomplished by searching MTB entries for values that match on the 
gi field with the GTB entry that has been modified. Each such matching MTB entry is 
flushed. 

The MTB is kept synchronous with the LOG tags, particularly with respect to MESI state. 
On an LOG miss or LOG snoop, any changes in MESI state update (or flush) MTB entries 
which physically match the address. If the MTB may contain less than the full physical 
address: it is sufficient to retain the LOG physical address (ci | | v | | si). 

Block Translation Buffer 

Zeus has a per thread '"Block Translation Buffer'' (BTB). The BTB retains GTB information 
for imcached address blocks. The BTB is used in parallel with the MTB - exactly one of the 
BTB or MTB may translate a particular reference. When both the BTB and MTB miss, the 
GTB is consulted, and depending on the result, the block is filled into either the MTB or 
BTB as appropriate. In the first Zeus implementation, the BTB has 2 entries for each thread. 

BTB entries cover any power-of-two granularity, as they retain the size information from the 
GTB. BTB entries contain no MESI state, as they only contain uncached blocks. 

Each BTB entry consists of 128 bits of information, containing the same information in the 
same format as a GTB entry. 

Niche blocks are indicated by GTB information, and correspond to blocks of data that are 
retained in the LOG and never miss. A special physical address range indicates niche blocks. 
For this address range, the BTB enables use of the LOG as a niche memory, generating the 
"set select** address bits from low-order address bits. There is no checking of the LOG tags 
for consistent use of the LOG as a niche - the nl field must be preset by software so that 
LOG cache replacement never claims the LOG niche space, and only BTB miss and 
protection bits prevent software from using the cache portion of the LOG as niche. 

Other address ranges include other on-chip resources, such as bus interface registers, the 
control register and status register, as well as off-chip memory, accessed through the bus 
interface. Each of these regions are accessible as uncached memory. 

Program Translation Buffer 

Later implementations of Zeus may optionally have a per thread "Program Translation 
Buffer" (PTB). The PTB retains GTB and LOG cache tag information. The PTB enables 
generation of LOG instruction fetching in parallel with load/store fetching. The PTB is 
updated when instruction fetching crosses a cache line boundary (each 64 instructions in 
straight-line code). The PTB fimctions similarly to a one-entry MTB, but can use the 
sequential nature of program code fetching to avoid checking the 56-bit match. The PTB is 
flushed at the same time as the MTB. 

The initial implementation of Zeus has no PTB - the MTB suffices for this fimction. 
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Global Virtual Cache 

The initial implementation of Zeus contains cache which is both indexed and tagged by a 
physical address. Other prototype implementations have used a global vitual address to index 
and/or tag an internal cache. This section will define the required characteristics of a global 
vituaily-indexed cache. TODO 

Memory Interface 

Dedicated hardware mechanisms are provided to fetch data blocks in the levels zero and one 
caches, provided that a matching entry can be found in the MTB or GTB (or if the MMU is 
disabled). Dedicated hardware mechanisms are provided to store back data blocks in the 
level zero and one caches, regardless of the state of the MTB and GTB. When no entry is to 
be found in the GTB, an exception handler is invoked either to generate the required 
information from the virtual address, or to place an entry in the GTB to provide for 
automatic handling of this and other similarly addressed data blocks. 

The initial implementation of Zeus accesses the remainder of the memory system through 
the "Socket 7" interface. Via this interface, Zeus accesses a secondary cache, DRAM 
memory, external ROM memory, and an I/O system The size and presence of the secondary 
cache and the DRAM memory array, and the contents of the external ROM memory and the 
I/O system are variables in the processor environment. 

Microarchitecture 

Each thread has two address generation units, capable of producing two aligned, or one 
unaligned load or store operation per cycle. Alternatively, these units may produce a single 
load or store address and a branch target address. 

Each thread has a LTB, which translates the two addresses into global virtual addresses. 

Each pair of threads has a MTB, which looks up the four references into the LOC. The PTB 
provides for additional references that are program code fetches. 

In parallel with the MTB, these four references are combined with the four references from 
the other thread pair and partitioned into even and odd hexlet references. Up to four 
references are selected for each of the even and odd portions of the LZC. One reference for 
each of the eight banks of the LOC (four are even hexlets; four are odd hexlets) are selected 
from the eight load/ store/branch references and the PTB references. 

Some references may be directed to both the LZC and LOC, in which case the LZC hit 
causes the LOC data to be ignored. An LZC miss which hits in the MTB is filled firom the 
LOC to the LZC. An LZC miss which misses in the MTB causes a GTB access and LOC 
tag access, then an MTB fill and LOC access, then an LZC fill. 

Priority of access: ^ghest/lowest) cache dump, cache fill, load, program, store. 
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Snoop 

The "Socket 7" bus reqxiires certain bus accesses to be checked against on-chip caches. On a 
bus read, the address is checked against the on-chip caches, with accesses aborted when 
requested data is in an internal cache in the M state, and the E state, the internal cache is 
changed to the S state. On a bus write, data written must update data in on-chip caches. To 
meet these requirements, physical bus addresses must be checked against the LOG tags. 

The S7 bus requires that responses to inquire cycles occur with fixed timing. At least with 
certain combinations of bus and processor clock rate, inquire cycles will require top priority 
to meet the inquire response timing requirement. 

S3^chroni2ation operations must take into account bus activity - generally a synchronization 
operation can only proceed on cached data which is in Exclusive or Modified - if cached 
data in Shared state, ownership must be obtained. Data that is not cached must be accessed 
using locked bus cycles. 

Load 

Load operations require partitioning into reads that do not cross a hexlet (128 bit) boundary, 
checking for store conflicts, checking the LZC, checking the LOG, and reading from 
memory. Execute and Gateway accesses are always aligned and since they are smaller than a 
hexlet, do not cross a hexlet boundary. 

Note: S7 processors perform unaligned operations LSB first, MSB last, up to 64 bits at a 
time. Unaligned 128 bit loads need 3 64-bit operations, LSB, octiet, MSB. Transfers which 
are smaller than a hexlet but larger than an ocdet are further divided in the S7 bus unit 

Definition 

def data LoadMemofyX|baJa,size,order) 

assert (order = Q and ((ta and (size/8-1)) = 0) and (size = 32) 
hdata ^ TranslateAndCacheAccess(baJa,si2eX0) 

data hdata3i+8*(ia and I5)..8*(la and 15) 
enddef 

def data LoadMemofyG(baJa,si2e,order) 

assert (order = L) and ((fa and (size/8-1)) ^ 0) and (size 64) 
hdata <- TranslateAndCacheAcces5(ba,la,size,G,0) 

data <- hdata63+8*(la and 15)..8*(la and 15) 
enddef 

def data <- LoadMemory(baJa,size,order) 
if (size > f 28) then 

dataO LoadMemory(ba, la,size/2, order) 
data I 4- LoadMemory(ba, la+(size/2), size/2, order) 
case order of 
L 

data ^ datal I I dataO 

B: 
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data dataO t I datal 

endcase 

else 

bs ^ 8*la4„o 

be bs + size 

if be > 128 then 

dataO LoadMemory(ba, la^ 128 - bs, order) 
datal <- LoadMemory(ba, |la63„5 + I) II 0^, be - 128, order) 
case order of 
L 

data <- (datal 1 1 dataO) 

B: 

data <- (dataO I I datal) 

endcase 

else 

hdata TranslateAndCacheAccess(baJa,slze,R,0) 
for i <~ 0 to size-8 by 8 

j bs + ({order=sL) 7 i : size-8-l) 

dataH.7.j* ^ '^clataj+y.j 
endfor 

endlf 

endif 
enddef 

Store 

Store operations requires partitioning into stores less than 128 bits that do not cross hexlet 
boundaries, checking for store conflicts, checking the LZC, checking the LOG, and storing 
into memory. 

Definition 

def StoreMemory(baJa,size,order,data) 
bs 8*Ia4..o 
be <- bs + size 
if be > 128 then 
case order of 
L 

dataO <- cfatai27-bs..O 
datal datasize-l..i28-bs 

B: 

dataO <- datasjze-l..t>e-l28 
datal 4- databe- 1 29..0 

endcase 

StoreMemoryfba, la, 128 - bs, order dataO) 
StoreMemory(ba, (Ia63..5 + M N 0^ be - 128, order, datal) 

else 

for i 0 to size-8 by 8 

j ^ bs + ((order=L) ? i : size-8H') 

hdataj+7.j ^ data^-?..] 
endfor 

xdata <- TranslateAndCacheAccessfba, la, size, W, hdata) 
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endif 
enddef 



Memory 

Memory operations require first translating via the LTB and GTB, checking for access 
exceptions, then accessing the cache. 

Definition 

def hdata TranslateAndCacheAccess(baJa,si2e,rwxg,hwdata) 
if ControlRegister62 then 
case rwxg of 
R: 

at <- 0 

W: 

at 4- I 

X: 

at ^ 2 

G: 

at <~ 3 

endcase 

rw <r- (rwxg=W) 7 W : R 
gaXocalProtect <- Locarrranslation(th,ba,Ia,pl) 
if LocalProtect9+2*at.8+2*at < P' then 
raise AccessDisallowedByLTB 

endif 

Ida ^ LocalProtect4 

pa,GlobalProtect ^ Globarrranslation(th,ga,pUda) 
if GlobalProtert9+2*at.8+2*at < then 
raise AccessDisallowedByGTB 

endif 

cc |LocalProtect2..o > GlobalProtect2..o) ? LocalProtect2..o •* GlobalProtect2..o 
so LocalProtect3 or Glot>alProtect3 
gda GlobalProtect4 

hdataJagProtect LevelOneCacheAcces$(pa,sizeJda,gda,cc,rw,hwdata) 
if (Ida ^ gda TagProtect) = 1 then 
if TagProtect then 

PerformAccessOetail(AccessOetailRequiredByTag) 
elseif gda then 

PerformAccessDetall(AccessDetailRequiredByGlobarTB) 

else 

PerformAccessDetail(Acces$DetallRequiredByLocarrB) 

endif 

endif 

else 

case rwxg of 
R, X, G: 

hdata ReadPhysical(la,size) 

W: 

WritePhystcal(la,size,hwdata) 

endcase 

endif 
enddef 
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Bus interface 

The initial implementation of the Zeus processor uses a "Super Socket 7 compatible" (SS7) 
bus interface, which is generally similar to and compatible with other "Socket 7" and "Super 
Socket 7" processors such as the Intel Pentium, Pentium with MMX Technology; AMD K6, 
K6-II, K6-ni; IDT Winchip C6, 2, 2A, 3, 4; Cyrix 6x86, etc. and other "Socket T chipsets 
listed below. 

The SS7 bus interface behavior is quite complex, but well-known due to the leading position 
of the Intel Pentium design. This document does not yet contain all the detailed information 
related to this bus, and will concentrate on the differences between the Zeus SS7 bus and 
other designs. For functional specification and pin interface behavior, the Pentium Processor 
Family Developer's ManuaP^ is a primary reference. For 100 MHz SS7 bus timing data, the 
AMD K6'2 Processor Data Sheef^ is a primary reference. 

Motherboard Chipsets 



The following motherboard chipsets are designed for the 100 MHz "Socket 7" bus: 



Manufacturer 


WebSite 


Chipset 


clock 


North 


South 








rate 


bridge 


bridge 


VIA technologies. Inc. 


www.vla.com.tw 


Apollo MVP3 


100 MHz 


vt82c598at29 


vt82c598b 


Silicon Integrated Systems 


www.sis.com.tw 


SiS 5591/5592 


75 MHz 


SiS 5591^0 


SiS 5595 


Acer Laboratories, Inc. 


www.acerlabs.com 


All Aladdin V 


100 MHz 


M154I3' 


M1543C 



The following processors are designed for a "Socket 7" bus: 



Manufacturer 


WebSite 


Chips 




clock rate 


Advanced Micro Devices 


www.amd.com 


K6-2 




100 MHz 


Advanced Micro Devices 


www.amd.com 


K6-3 




100 MHz 


Intel 


www.intel.com 


Pentium 


MMX 


66 MHz 


IDT/Centaur 


www.winchip.com 


Winchip 


C6 


75 MHz 


IDT/Centaur 


www.winchip.com 


Winchip 


2 


100 MHz 


IDT/Centaur 


www.winchip.com 


Winchip 


2A 


100 MHz 


IDT/Centaur 


www.winchip.com 


Winchip 


4 


100 MHz 


NSM/Cyrix 


www.cyrix.com 









http://home.micn>unity.com/'^craig/standafds/intd/intd-pentium-fax^ 
24142805.pdf 

http:/ /home.microunity.com/'^cnug/standards/amd/amd-k62-data-sheet*21 850c.pdf 
http://homc.microunityxom/--craig/standards/via/via-apollo-mvp3-vt82c598at-598.pdf 
^ http:/ /home.microunity.coni/~craig/ standards/ sis/ 5591dsl O.doc 
http:/ /home.microunity.com/"-ctaig/ standards/acer/ aladdin5pb.htm 
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Pinout 

In the diagram below, signals which are different from Pentium pinout, are indicated by 
italics and underlining. Generally, other Pentium-compatible processors (such as the AMD 
K6-2) define these signals. 



37 36 3S 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 1 10 9 8 7 6 5 4 3 2 I 
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AF 
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AE 
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AE 
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AC 
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Z 


Y 
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Y 
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X 


W 
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V 
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AHOLD VSS 


V 


u 
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O 
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P 
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N 
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M 
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M 
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L 


K 
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K 


J 
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H 
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Pin summary 



A20M# 


1 


Address bit 20 Mask is an emulator signal. 


A31.^ 


lO 


Address, in combination with byte enable, indicate 
the physical addresses of memory or device that is the 
target of a bus transaction. This signal is an output. 
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when the processor is initiating the bus transaction, 
and an input when the processor is receiving an 
inquire transaction or snooping another processor's bus 
transaction. 


ADS# 


lO 


ADdress Strobe, when asserted, indicates new bus 
transaction by the processor, with valid address and 
byte enable simultaneously driven. 


ADSC# 


O 


Address Strobe Copy is driven identically to 
address strobe 


AHOLD 


1 


Address HOLD, when asserted, causes the processor 
to cease driving address and address parity in the 
next bus clock cycle. 


AP 


lO 


Address Parity contains even parity on the same 
cycle as address. Address parity is generated by 
the processor when address is an output, and is 
checked when address is an input A parity error 
causes a bus error machine check. 


APCHK# 


O 


Address Parity CHecK is asserted two bus clocks 
after EADS# if address parity is not even parity of 
address. 


APICEN 


1 


Advanced Programmable Interrupt Controller 
ENable is not implemented. 


BE7#„BE0# 


lO 


Byte Enable indicates which bytes are the subject of 
a read or write transaction and are driven on the 
same cycle as address. 


BF1..BF0 


1 


Bus Frequency is sampled to permit software to 
select the ratio of the processor clock to the bus clock. 


BOFF# 


1 


BackOFF is sampled on the rising edge of each bus 
clock, and when asserted, the processor floats bus 
signals on the next bus clock and aborts the current 
bus cycle, until the backoff signal is sampled negated. 


BP3..BP0 


o 


Breakpoint is an emulator signal. 


BRDY# 


1 


Bus ReaDY indicates that valid data is present on 
data on a read transaction, or that data has been 
accepted on a write transaction. 


BRDYC# 


1 


Bus ReaDY Copy is identical to BRDY#; asserting 
either signal has the same effect 


BREQ 


o 


Bus REQuest indicates a processor initiated bus 
reguest. 


BUSCHK# 


1 


BUS CHecK is sampled on the rising edge of the bus 
clock, and when asserted, causes a bus error machine 
check. 


CACHE* 


o 


CACHE, when asserted, indicates a cacheable read 
transaction or a burst write transaction. 


CLK 


1 


bus CLocK provides the bus clock timing edge and 
the freguency reference for the processor clock. 


CPUTYP 


1 


CPU TYP , if low indicates the primary processor, if 
high, the dual processor. 



-365- 



MicroUnity 



Zeus System Architecture Tue, Aug 17, 1999 



Bus interface 
Pin summary 



D/C# 


I 


Data/ Cod is driven with the address signal to 
indicate data, code, or special cycles. 


D63..D0 


lO 


Data communicates 64 bits of data per bus clock. 


D/P# 


O 


Dual/Primary is driven (asserted, low) with address 
on the primary processor 


DP7..DP0 


lO 


Data Parity contains even parity on the same cycle 
as data. A pari^ error causes a bus error machine 
check. 


DPEN# 


lO 


Dual Processing Enable is asserted (driven low) by 
a Dual processor at reset and sampled by a Primary 
processor at the falling edge of reset. 


EADS# 


1 


External Address Strobe indicates that an external 
device has driven address for an inquire cycle. 


EWBE# 


1 


External Write Buffer Empty indicates that the 
external system has no pending write. 


FERR# 


O 


Floating point ERRor is an emulator signal. 


FLUSH* 


1 


cache FLUSH is an emulator signal. 


FRCMC# 


1 


Functional Redundancy Checking 
Master/Cliecker is not implemented. 


HIT# 


lO 


HIT indicates that an inquire cycle or cache snoop hits 
a valid line. 


HITM# 


lO 


HIT to a Modfled line indicates that an inquire 
<ycle or cache snoop hits a sub-block in the M cache 
state. 


HLDA 


O 


bus HoLD Acknowlege is asserted (driven high) to 
acknowlege a bus hold request 


HOLD 


1 


bus HOLD request causes the processor to float 
most of its pins and assert bus hold acknowlege 
after completing all outstanding bus transactions, or 
during reset 


IERR# 


O 


Internal ERRor is an emulator signal. 


IGNNE# 


1 


IGNore Numeric Error is an emulator signal. 


INIT 


1 


INITiallzatlon is an emulator signaL 


INTR 


1 


maskable INTeRrupt is an emulator signaL 


INV 


1 


INValldatlon controls whether to invalidate the 
addressed cache sub-block on an inqure transaction. 


KEN# 


1 


Cacfie ENable is driven with address to indicate 
that the read or write transaction is cacheable. 


LINTl..Ll^f^O 


1 


Local INTerrupt is not implemented. 


LOCK* 


O 


bus LOCK is driven starting with address and 
ending after bus ready to indicate a locked series of 
bus transactions. 


M/IO# 


O 


Memory/input Output is driven with address to 
indicate a memory or I/O transaction. 


NM 


1 


Next Address indicates that the external system will 
accept an address for a new bus cycle in two bus 
clocks. 


NMi 


1 


Non MaskabI Interrupt is an emulator signal. 
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PBGNrr# 


lO 


Private Bus GraNT is driven between Primary and 
Dual processors to indicate that bus arbitration has 
completed, granting a new master access to the bus. 


PBREQ# 


lO 


Private Bus REQuest is driven between Primary and 
Dual processors to request a new master access to the 
bus. 


PCD 


O 


Page Cache Disable is driven with address to 
indicate a not cacheable transaction. 


PCHK# 


O 


Parity CHecK is asserted (driven low) two bus clocks 
after data appears with odd parity on enabled bytes. 


PHIT# 


lO 


Private HIT is driven between Primary and Dual 
processors to indicate that the current read or write 
transaction addresses a valid cache sub-block In the 
slave processor. 


PHITM# 


lO 


Private HIT Modified Is driven between Primary and 
Dual processors to indicate that the current read or 
write transaction addresses a modified cache sub-block 
in the slave processor. 


PICCLK 


1 


Programmable Interrupt Controller CLocK Is not 

implemented. 


PICDI..PICDO 


lO 


Programmable Interrupt Controller Data is not 

implemented. 


PEN# 


1 


Parity Enable, if active on the data cycle, allows a 
parity error to cause a bus error machine check. 


PM1..PM0 


O 


Performance Monitoring is an emulator signal. 


PRDY 


O 


Probe ReaDY is not Implemented. 


PWT 


O 


Page Write Through is driven with address to 
indicate a not write allocate transaction. 


R/S« 


1 


Run/Stop is not implemented. 


RESET 


1 


RESET causes a processor reset 


SCYC 


O 


Split CYCIe is asserted during bus lock to indicate 
that more than two transactions are In the series of 
bus transactions. 


SMi# 


1 


System Management Interrupt Is an emulator 
signal. 


SMIACT# 


O 


System Management Interrupt ACTIve is an 

emulator signal. 


STPCLK# 


1 


SToP CLocK is an emulator signal. 


TCK 


1 


Test CLocK follows IEEE 1149.1. 


TDI 


1 


Test Data Input follows IEEE 1 1 49. 1 . 


TDO 


O 


Test Data Output follows IEEE 1149.1. 


TMS 


1 


Test Mode Select follows IEEE 1149.1. 


TRST# 


1 


Test ReSeT follows IEEE 1149.1. 


VCC2 


1 


VCC of 2.8V at 25 pins 


VCC3 


1 


VCC of 3.3V at 28 pins 


VCC2DET# 


o 


VCC2 DETect sets appropriate VCC2 voltage level. 


VSS 


1 


VSS supplied at 53 pins 


W/R# 


o 


Write/Read Is driven with address to Indicate write 
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vs. read transaction. 


WB/WT# 


1 


Write Back/Write Through is returned to indicate 
that data is permitted to be cached as write back. 



Electrical Specifications 

These preliminary electrical specifications provide AC and DC parameters that are required 

for "Super Socket 7" compatibility. 



Clock rate 


66 IV 


Hz 


75 IV 


Hz 


100 


MHz 


133 


MHz 




Parameter 


min 


max 


min 


max 


min 


max 


min 


max 


unit 


CLK frequency 


33.3 


66.7 


37.5 


75 


50 


100 




133 


MHz 


CLK period 


15.0 


30.0 


13.3 


26.3 


10.0 


20.0 






ns 


CLK high time (^2v) 


4.0 




4.0 




3.0 








ns 


CLK low time (<0.8V) 


4.0 




4.0 




3.0 








ns 


CLK rise time (0.8V->2V) 


0.15 


1.5 


0.15 


1.5 


0.15 


1.5 






ns 


CLK fall time (2V->0.8V) 


0.15 


1.5 


0.15 


1.5 


0.15 


1.5 






ns 


CLK period stability 




250 




250 




250 
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A3 1. .3 valid delay 


I.I 


6.3 


1.1 


4.5 


1.1 


4.0 






ns 


A3 1.3 float delay 




10.0 




7.0 




7.0 






ns 


ADS# valid delay 


I.O 


6.0 


1.0 


4.5 


1.0 


4.0 






ns 


ADS# float delay 




1 0.0 




7.0 




7.0 






ns 


ADSC# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


ADSC# float delay 




10.0 




7.0 




7.0 






ns 


AP valid delay 


1.0 


8.5 


1.0 


5.5 


1.0 


5.5 






ns 


AP float delay 




10.0 




7.0 




7.0 






ns 


APCHK# valid delay 


1.0 


8.3 


1.0 


4.5 


1.0 


4.5 






ns 


BE7..0# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


BE7..0# float delay 




10.0 




7.0 




7.0 






ns 


BP3..0 valid delay 


1.0 


10.0 














ns 


BREQ valid delay 


1.0 


8.0 


1.0 


4.5 


1.0 


4.0 






ns 


CACHE# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


CACHE# float delay 




10.0 




7.0 




7.0 






ns 


D/C# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


D/C# float delay 




10.0 




7.0 




7.0 






ns 


D63..0 write data valid delay 


1.3 


7.5 


1.3 


4.5 


1.3 


4.5 






ns 


D63..0 write data float delay 




10.0 




7.0 




7.0 






ns 


DP7..0 write data valid delay 


1.3 


7.5 


1.3 


4.5 


1.3 


4.5 






ns 


DP7..0 write data float delay 




1 0.0 




7.0 




7.0 






ns 


FERR# valid delay 


1.0 


8.3 


1.0 


4.5 


1.0 


4.5 






ns 


1 1 in* II 1 • J « a 

HIT# valid delay 


1.0 


6.8 


1.0 


4.5 


1.0 


4.0 






ns 


HITM# valid delay 


1.1 


6.0 


1.1 


4.5 


1.1 


4.0 






ns 


HLDA valid delay 


1.0 


6.8 


1.0 


4.5 


1.0 


4.0 






ns 


IERR# valid delay 


1.0 


8.3 














ns 


LOCK# valid delay 


l.I 


7.0 


1.1 


4.5 


1.1 


4.0 






ns 


LOCK* float delay 




10.0 




7.0 




7.0 






ns 


M/IO# valid delay 


1.0 


5.9 


1.0 


4.5 


1.0 


4.0 






ns 


M/IO# float delay 




10.0 




7.0 




7.0 






ns 


PCD valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


PCD float delay 




10.0 




7.0 




7.0 






ns 


PCHK# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.5 






ns 


PM1..0 valid delay 


1.0 


10.0 














ns 


PRDY valid delav 


1.0 


8.0 














ns 


PWT valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


P\X/T flriaf H^l^i/ 




1 U.U 




/.U 




1 A 
/.U 






ns 


SCYC valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


SCYC float delay 




10.0 




7.0 




7.0 






ns 


SM1ACT# valid delay 


1.0 


7.3 


1.0 


4.5 


1.0 


4.0 






ns 


W/R# valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


W/R# float delay 




10.0 




7.0 




7.0 






ns 
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A3 1. .5 setup time 


6.0 




3.0 




3.0 








ns 


A31.,5 hold time 


I.O 




1.0 




1.0 








ns 


A20M# setup time 


5.0 




3.0 




3.0 








ns 


A20M# hold time 


1.0 




1.0 




1.0 








ns 


AHOLD setup time 


5.5 




3.5 




3.5 








ns 


AHOLD hold time 


1.0 




1.0 




1.0 








ns 


AP setup time 


5.0 




1.7 




1.7 








ns 


AP hold time 


1.0 




1.0 




1.0 








ns 


BOFF# setup time 


5.5 




3.5 




3.5 








ns 


BOFF# hold time 


1.0 




1.0 




1.0 








ns 


BRDY# setup time 


5.0 




3.0 




3.0 








ns 


BRDY# hold time 


1.0 




1.0 




1.0 








ns 


BRDYC# setup time 


5.0 




3.0 




3.0 








ns 


BRDYC# hold time 


1.0 




1.0 




1.0 








ns 


BUSCHK# setup time 


5.0 




3.0 




3.0 








ns 


BUSCHK* hold time 


1.0 




1.0 




1.0 








ns 


D63..0 read data setup time 


2.8 




1.7 




1.7 








ns 


D63..0 read data hold time 


1.5 




1.5 




1.5 








ns 


DP7..0 read data setup time 


2.8 




1.7 




1.7 








ns 


DP7..0 read data hold time 


1.5 




1.5 




1.5 








ns 


EADS# setup time 


5.0 




3.0 




3.0 








ns 


EADS# hold time 


1.0 




1.0 




1.0 








ns 


EWBE# setup time 


5.0 




1.7 




1.7 








ns 


EWBE# hold time 


1.0 




1.0 




1.0 








ns 


FLUSH* setup time 


5.0 




1.7 




1.7 








ns 


FLUSH* hold time 


1.0 




1.0 




1.0 








ns 


FLUSH* asvnc Dulse width 


2 




2 




2 








CLK 


HOLD setup time 


5.0 




1.7 




1.7 








ns 


HOLD hold time 


1.5 




1.5 




1.5 








ns 


IGNNE* setup time 


5.0 




1.7 




1.7 








ns 


IGNNE* hold time 


1.0 




1.0 




1.0 








ns 


IGNNE* asvnc Dulse width 


2 




2 




2 








CLK 


INIT setup time 


5.0 




1.7 




1.7 








ns 


INIT hold time 


1.0 




1.0 




1.0 








ns 


INIT asvnc Dulse width 


2 




2 




2 








CLK 


INTR setup time 


5.0 




1.7 




1.7 








ns 


INTR hold time 


1.0 




1.0 




1.0 








ns 


INV setup time 


5.0 




1.7 




1.7 








ns 


INV hold time 


1.0 




1.0 




1.0 








ns 


KEN* setup time 


5.0 




3.0 




3.0 








ns 


KEN* hold time 


1.0 




1.0 




1.0 








ns 


NA* setup time 


4.5 




1.7 




1.7 








ns 


NA* hold time 


1.0 




1.0 




1.0 








ns 


NMI setup time 


5.0 




1.7 




1.7 








ns 


NMI hold time 


1.0 




1.0 




1.0 








ns 


NMI async pulse width 


2 




2 




2 








CLK 
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PEN# setup time 


4.8 




1.7 




1.7 








ns 


PEN# hold time 


1.0 




1.0 




1.0 








ns 


R/S# setup time 


5.0 




1.7 




1.7 








ns 


I^S# hold time 


1.0 




1.0 




1.0 








ns 


R/S# async pulse width 


2 




2 




2 








CLK 


SMI# setup time 


5.0 




1.7 




1.7 








ns 


SMI# hold time 


1.0 




1.0 




1.0 








ns 


SMI# asvnc Dulse width 


2 




2 




2 








CLK 


STPCLX# setup time 


5.0 




1.7 




1.7 








ns 


STPCU(# hold time 


1.0 




1.0 




1.0 








ns 


WB/WT# setup time 


4.5 




1.7 




1.7 








ns 


WB/WT# hold time 


I.O 




1.0 




1.0 








ns 




RESET setup time 


5.0 




1.7 




1.7 








ns 


RESET hold time 


1.0 




1.0 




1.0 








ns 


RESET pulse width 


15 




15 




15 








CLK 


RESET active 


1.0 




1.0 




1.0 








ms 


BF2..0 setup time 


1.0 




1.0 




1.0 








ms 


BF2..0 hold time 


2 




2 




2 








CLK 


BRDYC# hold time 


1.0 




1.0 




1.0 








ns 


BRDYC# setup time 


2 




2 




2 








CLK 


BRDYC# hold time 


2 




2 




2 








CLK 


FLUSH* setup time 


5.0 




1.7 




1.7 








ns 


FLUSH# hold time 


1.0 




1.0 




1.0 








ns 


FLUSH* setup time 


2 




2 




2 








CLK 


FLUSH* hold time 


2 




2 




2 








CLK 
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PBREQ# fliqht time 


0 


2.0 














ns 


PBGIsrr* fliqht time 


0 


2.0 














ns 


PHIT# fliqht time 


0 


2.0 














ns 


PHITM* fliqht time 


0 


1.8 














ns 


A3 1. .5 setuD time 


3.7 
















ns 


A3 1. .5 hold time 


0.8 
















ns 


D/C# setUD time 


4.0 
















ns 


D/C# hold time 


0.8 
















ns 


W/R# setup time 


4.0 
















ns 


W/R# hold time 


0.8 
















ns 


CACHE* setuD time 


4.0 
















ns 


CACHE* hold time 


I.O 
















ns 


LOCKM setup time 


4.0 
















ns 


LOCK* hold time 


0.8 
















ns 


SCYC setuD time 


4.0 
















ns 


SCYC hold time 


0.8 
















ns 


ADS# setuD time 


5.8 
















ns 


ADS# hold time 


0.8 
















ns 


M/IO# setuD time 


5.8 
















ns 


M/IO# hold time 


0.8 
















ns 


HIT* setup time 


6.0 
















ns 


HIT* hold time 


1.0 
















ns 


HITM* setup time 


6.0 
















ns 


HITM* hold time 


0.7 
















ns 


HLDA setuD time 


6.0 
















ns 


HLDA hold time 


0.8 
















ns 


DPEN* valid time 




10.0 














CLK 


OPEN* hold time 


2.0 
















CLK 


D/P* valid delay Iprimarv) 


1.0 


8.0 














ns 




TCK frequency 




25 








25 






MHz 


TCK period 


40.0 








40.0 








ns 


TCK high time |^2v) 


14.0 








14.0 








ns 


TCK low time (<0.8V) 


14.0 








14.0 








ns 


TCK rise time (0.8V->2\/) 




5.0 








5.0 






ns 


TCK fall time (2V->0.8V| 




5.0 








5.0 






ns 


TRST* pulse width 


30.0 








30.0 








ns 
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TDI setup time 


5.0 








5.0 








ns 


TDI hold time 


9.0 








9.0 








ns 


TMS setup time 


5.0 








5.0 








ns 


TMS hold time 


9.0 








9.0 








ns 


ruu vaiiu delay 


3.0 


13.0 






3.0 


13.0 






ns 


TDO float delay 




16.0 








16.0 






ns 


all outputs valid delay 


3.0 


13.0 






3.0 


13.0 






ns 


all outputs float delay 




16.0 








16.0 






ns 


all Inputs setup time 


5.0 








5.0 








ns 


all inputs hold time 


9.0 








9.0 








ns 



Bus Control Register 

The Bus Control Register provides direct control of Emulator signals, selecting output states 
and active input states for these signals. 

The layout of the Bus Control Register is designed to match the assignment of signals to the 
Event Register. 
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number 


control 


0 


Reserved 


I 


A20M# active level 


2 


BFO active level 


3 


BFl active level 


4 


BF2 active level 


5 


BUSCHK active level 


6 


FLUSH# active level 


7 


FRCMC# active level 


8 


IGNNE# active level 


9 


INIT active level 


to 


INTR active level 


11 


NMI active level 


12 


SMI# active level 


13 


STPCLK# active level 


14 


CPUTYP active at reset 


15 


DPEN# active at reset 


16 


FLUSH# active at reset 


17 


INIT active at reset 


31..I8 


Reserved 


32 


Bus lock 


33 


Split cycle 


34 


BPO output 


35 


BPl output 


36 


BP2 output 


37 


BP3 output 


38 


FERR# output 


39 


1ERR# output 


40 


PMO output 


41 


PMl output 


42 


SMIACT# output 


63..43 


Reserved 



Emulator signals 

Several of the signals, A20M#, INIT, NMI, SMI#, STPCLK#, IGNNE# are inputs that 
have purposes primarily defined by the needs of x86 processor emulation. They have no 
direct purpose in the Zeus processor, other than to signal an event, which is handled by 
software. Each of these signals is an input sampled on the rising edge of each bus clock, if 
the input signal matches the active level specified in the bus control register, the 
corresponding bit in the event register is set. The bit in the event register remains set even 
if the signal is no longer active, until cleared by software. If the event register bit is cleared 
by software, it is set again on each bus clock that the signal is sampled active. 
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A20M# 

A20M# (address bit 20 mask inverted), when asserted (low), directs an x86 emulator to 
generate physical addresses for which bit 20 is zero. 

The A20M# bit of the bus control register selects which level of the A20M# signal will 
generate an event in the A20M# bit of the event register. Clearing (to 0) the A20M# bit of 
the bus control register will cause the A20M# bit of the event register to be set when the 
A20M# signal is asserted (low). 

Asserting the A20M# signal causes the emulator to modify all current TB mappings to 
produce a zero value for bit 20 of the byte address. The A20M# bit of the bus control 
register is then set (to 1) to cause the A20M# bit of the event register to be set when the 
A20M# signal is released (high). 

Releasing the A20M# signal causes the emulator to restore the TB mapping to the original 
state. The A20M# bit of the bus control register is then cleared (to 0) again, to cause the 
A20M# bit of the event register to be set when the A20M# signal is asserted (low). 

INIT 



INIT (initialize) when asserted (high), directs an x86 emulator to begin execution of the 
extemai ROM BIOS. 

The INIT bit of the bus control register is normally set (to 1) to cause the INIT bit of the 
event register to be set when the INIT signal is asserted O^gh). 

INTR 

INTR (maskable interrupt) when asserted (high), directs an x86 emulator to simulate a 
maskable interrupt by generating two locked interrupt acknowlege special cycles. Extemai 
hardware will normally release the INTR signal between the first and second interrupt 
acknowlege special cycle. 

The INTR bit of the bus control register is normally set (to 1) to cause the INTR bit of 
the event register to be set when the INTR signal is asserted (hi^). 

NMI 

NMI (non-maskable interrupt) when asserted (high), directs an x86 emulator to simulate a 
non-maskable interrupt Extemai hardware will normally release the NMI signal. 

The NMI bit of the bus control register is normally set (to 1) to cause the NMI bit of the 
event register to be set when the NMI signal is asserted (high). 
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SMi# 

SMI# (system management interrupt inverted) when asserted (low), directs an x86 
emulator to simulate a system management interrupt by flushing caches and saving registers, 
and asserting ^ow) SMIACT# (system management interrupt active invertec^. Extemal 
hardware will normally release the SMI#. 

The SMI# bit of the bus control register is normally cleared (to 0) to cause the SMI# bit 
of the event register to be set when the SMI# signal is asserted (low). 

STPCLK# 

STPCLK# (stop clock inverted) when asserted (low), directs an x86 emulator to simulate a 
stop clock interrupt by flushing caches and saving registers, and performing a stop grant 
special cycle. 

The STPCLK# bit of the bus control register is normally cleared (to 0) to cause the 
STPCLK# bit of the event register to be set when the STPCLK# signal is asserted (low). 

Software must set (to 1) the STPCLK# bit of die bus control register to cause the 
STPCLK# bit of the event register to be set when the STPCLK# signal is released (high) 
to resume execution. Software must cease producing bus operations after the stop grant 
special cycle. Usually, software will use the B.HALT instruction in all threads to cease 
performing operations. The processor PLL continues to operate, and the processor must still 
sample INIT, INTR, RESET, NMI, SMI# (to place them in the event register) and respond 
to RESET and inquire and snoop transactions, so long as the bus clock continues 
operating. 

The bus dock itself cannot be stopped until the stop grant special cycle. If the bus clock is 
stopped, it must stop in the low (0) state. The bus clock must be operating at frequency for 
at least 1 ms before releasing STPCLK# or releasing RESET. While the bus dock is 
stopped, the processor does not sample inputs or responds to RESET or inquire or snoop 
transactions. 

Extemal hardware will normally release STPCLK# when it is desired to resume execution. 
The processor shoxild respond to the STPCLK# bit in the event register by awakening one 
or more threads. 

IGNNE# 

IGNNE# (address bit 20 mask inverted), when asserted (low), direas an x86 emulator to 
ignore numeric errors. 

The IGNNE# bit of the bus control register selects which level of the IGNNE# signal 
will generate an event in the IGNNE# bit of the event register. Clearing (to 0) the 
IGNNE# bit of the bus control register will cause the IGNNE# bit of the event 
register to be set when the IGNNE# signal is asserted (low). 
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Asserting the IGNNE# signal causes the emulator to modify its processing to ignore 
numeric errors, if suitably enabled to do so. The IGNNE# bit of the bus control register is 
then set (to 1) to cause the IGNNE# bit of the event register to be set when the IGNNE# 
signal is released (high). 

Releasing the IGNNE# signal causes the emulator to restore the emulation to the original 
state. The IGNNE# bit of the bus control register is then cleared (to 0) again, to cause the 
IGNNE# bit of the event register to be set when the IGNNE# signal is asserted ^ow). 

Emulator output signals 

Several of the signals, BP3..BP0, FERR#, IERR#, PM1..PM0, SMIACT# are outputs that 
have purposes primarity defined by the needs of x86 processor emulation. They are driven 
from the bus control register that can be written by software. 

Bus snooping 

Zeus support the "Socket 7" protocols for inquiry, invalidation and coherence of cache lines. 
The protocols are implemented in hardware and do not interrupt the processor as a result of 
bus activity. Cache access cycles may be "stolen" for this purpose, which may delay 
completion of processor memory activity. 

Definition 

def SnoopPhysicaBus as 

//wait for transaction on bus or inquiry cycle 
do 

wait 

while BRDY# = 0 
P33I..3 ^ A3|„3 
op W/R# 7 W : R 
cc <- CACHE# I I PWT I I PCD 
enddef 

Locked cycles 

Locked cycles occur as a result of $ynchroni2ation operations (Store-swap instructions) 
performed by the processor. For x86 emulation, locked cycles also occur as a result of 
setting specific memory-mapped control registers. 

Locked synchronization instruction 

Bus lock (LOCK#) is asserted (low) automatically as a result of store-swap instructions that 
generate bus activity, which always perform locked read-modify-write cycles on 64 bits of 
data. Note that store-swap instructions that are performed on cache sub-blocks that are in 
the E or M state need not generate bus activity. 
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Bus lock (LOCK#) is also asserted ^ow) on subsequent bus transactions by writing a one 
(1) to the bus lock bit of the bus control register. Split cycle (SCYQ is similarly asserted 
(high) if a one (1) is also written to the split cycle bit of the bus emulation control register. 

All subsequent bus transactions will be performed as a locked sequence of transactions, 
asserting bus lock (LOCK# low) and optionally split cycle (SCYC high), until zeroes (0) 
are written to the bus lock and split cycle bits of the bus control register. The next bus 
transaction completes the locked sequence, releasing bus lock (LOCK# high) and split 
cycle (SCYC low) at the end of the transaction. If the locked transaction must be aborted 
because of bus activity such as backoff, a lock broken event is signalled and the bus lock is 
released. 

Unless special care is taken, the bus transactions of all threads occur as part of the locked 
sequence of transactions. Software can do so by interrupting all other threads until the 
locked sequence is completed. Software should also take case to avoid fetching instructions 
during the locked sequence, such as by executing instructions out of niche or ROM memory. 
Software should also take care to avoid terminating the sequence with event handling prior 
to releasing the bus lock, such as by executing the sequence with events disabled (other than 
the lock broken event). 

The purpose of this facility is primarily for x86 emulation purposes, in which we are 
willing to perform vile acts (such as stopping all the other threads) in the name of 
compatibility. It is possible to take special care in hardware to sort out the activity of 
other threads, and break the lock in response to events. In doing so, the bus unit 
must defer bus activity generated by other threads until the locked sequence is 
completed. The bus unit should inhibit event handling while the bus is locked. 

Sampled at Reset 

Certain pins are sampled at reset and made available in the event register. 
CPUTYP Primary or Dual processor 
PICD0[PPEN#] Dual processing enable 
FLUSH# Tristate test mode 
INIT Built-in self-test 

Sampled per Clock 

Certain pins are sampled per clock and changes are made available in the event register. 
A20M# address bit 20 mask 
BF[1:0] bus frequency 
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BUSCHK# bus check 
FLUSH# cache flush request 

FRCMC# functional redundancy check - not implemented on Pentium MMX 

IGNNE#ignore numeric error 

INIT re-initialize pentium processor 

INTR external interrupt 

NMInon-maskable interrupt 

R/S# run/stop 

SMI# system management 

STPCLK# stop clock 

Bus Access 

The "Socket T' bus performs transfers of 1-8 bytes within an octlet boundary or 32 bytes on 
a triclet boundary. 

Transfers sized at 16 bytes (hexlet) are not available as a single transaction, they are 
performed as two bus transactions. 

Bus transactions begin by gaining control of the bus (TODO: not shown), and in the initial 
cycle, asserting ADS#, M/IO#, A, BE#, W/R#, CACHE#, PWT, and PCD. These signals 
indicate the type, size, and address of the transaction. One or more ocdets of data are 
returned on a read (the external system asserts BRDY# and/or NA# and D), or accepted 
on a write (TODO not shown). 

The external system is permitted to affect the cacheability and exclusivity of data returned to 
the processor, using the KEN# and WB/WT# signals. 

Definition 

def data^cen <- AccessPhysicaBus(pa^ize,ccop,wd) as 

// divide transfers sized between octlet and hexlet into two parts 
// also divide transfers which cross octlet boundary into two parts 
if {64<si2e!$128) or |(si2e<64) and (size+8*pa2..o>64)) then 

dataO^cen AccessPhy5icalBus(pa,64-8*pa2..o.ccop,wd) 
if cen=0 then 

pal 4- pa63..4l 1 1 110^ 

data Keen AccessPhysicalBus{paI.sizef8*pa2„o-64,ccop,wd) 
data <- data1i27..64 I < clataO^a^o 

endif 
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else 

ADS# <- 0 
M/IO# ^ 1 

A31..3 <- Pa31..3 
for i 0 to 7 

BEfi <- pa2..o ^ ' < pa2..0+5*2e/8 
endfor 

W/R# <- (op = W) 
if (op=R| then 

CACHE# <- -(cc > WT) 

PWT ^ (cc = V/T) 

PCD (cc < CD) 

do 

wait 

while (BRDY# = 1) and (N/^ = I) 

//Intel spec doesn't say whether KEN# should be ignored if no CACHE* 
//AMD spec says KEN# should be ignored if no CACHE* 
cen <- -KEN# and (cc ^ WT) //cen=l If triclet is cacheable 
xen WB/WT# and (cc ^ WT) //xen^l if triclet is exclusive 
if cen then 

OS ^ 64*pa4.3 

data63+os..os <- D63..0 
do 

wait 

while BRDY# = 1 

data63+(64'^os)..(64'^os) ^63.,0 
do 

wait 

while BRDY# = I 

data63+(i28"os)..(128*os) D63..0 
do 

wait 

while BRDY# = I 
data63+(192'*os)..(192"os) ^ D63..0 

else 

OS <- 64*pa3 
data63+os..os D63..0 

endif 

else 

CACHE* ^ -(size = 256) 
PNVT <- (cc = WT) 
PCD <r- (cc < CD) 
do 

wait 

while (BRDY# = 1) and (NA# = 1) 
xen WB/WT# and (cc ^ WT) 

endif 

endif 

flags cen 1 1 xen 
enddef 
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Input/Output transfers, Interrupt acknowledge and special bus cycles (stop grant, flush 
acknowledge, writeback, halt, flush, shutdown) are performed by uncached loads and stores 
to a memory-mapped control region. 



M/IO# 


n/ca 


\X//P* 

W/ IxTT 


f"Af MPit 






0 


0 


0 


1 


V 

/\ 




0 


0 


I 


I 


X 


special cycles (Intel pg 6-33) 


0 


1 


0 


I 


X 


I/O read, 32-bits or less, non- 
cacheable, 16-bjt address 


0 


1 


1 


1 


X 


I/O write, 32-blts or less, 
non-cacheable, 16-bit address 




0 


X 


X 


X 


code read (not implemented) 




1 


0 


I 


X 


non-cacheable read 




1 


0 


X 


I 


non-cacheable read 




1 


0 


0 


0 


cacheable read 




I 


1 


1 


X 


non-cacheable write 




1 


I 


0 


X 


cache writeback 



special cycles 

An interrupt acknowlege cycle is performed by two byte loads to the control space (dc=l), 
the first with a byte address (ba) of 4 (A31..3=0, BE4#=0, BE7..5,3..0#=1), die second widi 
a byte address (ba) of 0 (A31..3=0, BEO#=0, BE7..1#=1). The first byte read is ignored; the 
second byte contains the interrupt vector. The external system normally releases INTR 
between the first and second byte load. 

A shutdown special cycle is performed by a byte store to the control space (dc=l) with a 
byte address (ba) of 0 (A31..3=0, BEO#=0, BE7..1#=1). 

A flush special cycle is performed by a byte store to the control space (dc=l) with a byte 
address (ba) of 1 (A31..3=0, BE1#=0, BE7..2,0#=1). 

A halt special cycle is performed by a hytc store to the control space (dc=l) with a byte 
address (ba) of 2 (A31..3=0, BE2#=0, BE7..3,1..0#=1). 

A stop grant special cycle is performed by a byte store to the control space (dc=l) with a 
byte address (ba) of 0x12 (A31..3=2, BE2#=0, BE7..3,1..0#=1). 

A writeback special cycle is performed by a byte store to the control space (dc=l) with a 
byte address (ba) of 3 (A31..3=0, BE3#=0, BE7..4,2..0#=1). 

A flush acknowledge special cycle is performed by a byte store to the control space (dc=l) 
with a byte address (ba) of 4 (A31..3=0, BE4#=0, BE7..5,3..0#=1). 



-381 - 



MicroUnity 



Zeus System Architecture 



Tue, Aug 17, 1999 



Bus interface 
Other bus cycles 



A back trace message special cycle is performed by a byte store to the control space (dc=l) 
with a byte address (ba) of 5 (A31..3=0, BE5#=0, BE7..6,4..0#=1). 

Performing load or store operations of other sizes (doublet, quadlet, octlet, hexlet) to the 
control space (dc=l) or operations with other byte address (ba) values produce bus 
operations which are not defined by the "Super Socket 7" specifications and have undefined 
effect on the system. 

I/O cycles 

An input cycle is performed by a byte, doublet, or quadlet load to the data space (dc=0), 
with a byte address (ba) of die I/O address. The address may not be aligned, and if it 
crosses an ocdet boxmdary, will be performed as two separate cycles. 

An output cycle is performed by a byte, doublet, or quadlet store to the data space (dc=0), 
with a byte address (ba) of the I/O address. The address may not be aligned, and if it 
crosses an ocdet boundary, will be performed as two separate cycles. 

Performing load or store operations of other sizes (ocdet, hexlet) to the data space (dc=0) 
produce bus operations which are not defined by the "Super Socket 7" specifications and 
have undefined effect on the system. 

Physical address 

The other bus cycles are accessed explicidy by uncached memory accesses to particular 
physical address ranges. Appropriately sized load and store operations must be used to 
perform the specific bus cycles required for proper operations. The dc field must equal 0 for 
I/O operations, and must equal 1 for control operations. Within this address range, bus 
transactions are sized no greater than 4 bytes (quadlet) and do not cross quadlet boundaries. 

The physical address of a other bus cycle data/control dc, byte address ba is: 

63 2423 1615 0 

I FFFF FFFF OBOO 0000 53, 24 I I 

40 8 16 

Definition 

def data AccessPhysicaOtherBus(pa,si2e,op,wd) as 

// divide transfers sized between octlet and hexlet into two parts 
// also divide transfers which cross octlet boundary into two parts 
if |64<size^l28) or ((si2e<64) and (si2e+8*pa2..o>64)) then 

dataO 4- AccessPhysicaOtherBus(pa,64-8*pa2..o»op,wd) 

pal 4- pa63.,4l II IIO^ 

datal <- /\ccessPhysicaOtherBus(pal,size+8*pa2..o-64,op,wd) 
data <r- datal ]27..64 1 1 data063..o 

else 

ADS# 0 
M/IO# <r- 0 
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D/C# <- -pai6 

A31.3 <- 0'^ 1 1 pai5..3 

for i 4- 0 to 7 

BEi# ^ pa2..o ^ » < pa2..o+size/8 
endfor 

W/R# (op = W) 
CACHE# <- 1 
PWT <- I 
PCD 1 
do 

wait 

while (BRDY# = 1) and (NA# = 1) 
if (op=R) then 

OS ^ 64*pa3 

<^ata63+os«os O^3»0 

endif 

endif 
enddef 
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Events and Threads 

Exceptions signal several kinds of events: (1) events that are indicative of failure of the 
software or hardware, such as arithmetic overflow or parity error, (2) events that are hidden 
from the virtual process model, such as translation buffer misses, (3) events that infrequendy 
occur, but may require corrective action, such as floating-point underflow. In addition, there 
are (4) extemal events that cause scheduling of a computational process, such as clock events 
or completion of a disk transfer. 

Each of these types of events require the interruption of the current flow of execution, 
handling of the exception or event, and in some cases, descheduling of the current task and 
rescheduling of another. The Zeus processor provides a mechanism that is based on the 
mvilti-threaded execution model of Mach. Mach divides the weU-known UNIX process 
model into two parts, one called a task, which encompasses the virtual memory space, file 
and resource state, and the other called a thread, which includes the program counter, stack 
space, and other register file state. The sum of a Mach task and a Mach thread exacdy equals 
one UNIX process, and the Mach model allows a task to be associated with several threads. 
On one processor at any one moment in time, at least one task with one thread is running. 

In the taxonomy of events described above, the cause of the event may either be 

synchronous to the currendy running thread, generally types 1, 2, and 3, or asynchronous 
and associated with another task and thread that is not currendy running, generally type 4. 

For these events, Zeus will suspend the currendy running thread in the current task, saving a 
minimum of registers, and continue execution at a new program counter. The event handler 
may perform some minimal computation and return, restoring the current threads' registers, 
or save the remaining registers and switch to a new task or thread context 

Facilities of the exception, memory management, and interface systems are themselves 
memory mapped, in order to provide for the manipulation of these facilities by high-level 
language, compiled code. The sole exception is the register file itself, for which standard 
store and load instructions can save and restore the state. 

Definition 

def Thread(th) as 
forever 

catch exception 

if KEventRegister and EventMaskfthJ) ^ 0) then 
If ExceptionState^O then 
raise Eventlnterrupt 

endif 

endif 

inst ^ LoadMemoryX|ProgramCounter,ProgramCounter,32,L) 

fnstruction(inst) 
endcatch 
case exception of 

Eventlnterrupt 

Reservedlnstruction, 

AccessDIsallowedByVirtualAddress, 

AccessDisallowedBylag, 
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AccessDisallowedByGlobalTB, 

AccessDisallowedByLocalTB, 

AccessDetailRequiredByTag, 

AccessDetallRequiredByGIobanrB, 

AccessDetailRequiredByLocalTB, 

MissInGlobalTB, 

MisslnLocalTB, 

FixedPointArithmetic, 

FloatingPointArithmetic, 

GatewayDisallowed: 

case ExceptionState of 
0: 

PerformException(exception) 

I: 

PerformException(SecondExceptjon) 

2: 

raise ThirdException 

endcase 
TakenBranch: 

ContinuationState 4- |ExceptionState=sO) ? 0 : ContinuationState 
TakenBranchContinue: 

/* nothing */ 
none, others: 

ProgramCounter ProgramCounter + 4 

ContinuationState (ExceptionState=0) 7 0 : ContinuationState 

endcase 
endforever 
enddef 

Definition 

def PerformException|exception) as 

V <- (exception > 7) ? 7 : exception 

t <- LoadMemory(ExceptionBase,ExceptionBase+Thread*l28+64+8*V,64,L) 
if ExceptionState = 0 then 

u RegRead(3,l28) II RegRead(2J28) II RegRead(M28) 11 RegReadfO, 1 28) 

StoreMemory(ExceptionBase,ExceptionBase+Thread* 1 28,5 1 2,L,u) 

RegWrite(0,64,ProgramCounter63..2 I I PrivilegeLevel 

RegWrite( 1 ,64,ExceptionBasefThread*l 28) 

RegWrite(2,64,exception) 

RegWrite(3,64,FailingAddress) 

endif 

PrivilegeLevel t|..o 
ProgramCounter 4- t63„2 i I 0^ 
case exception of 

AccessDetailRequiredByTag, 

AccessOetailRequiredByGlobafTB, 

AccessDetailRequiredByLocafTB: 

ContinuationState <- ContinuationState + 1 
others: 

/* nothing */ 

endcase 

ExceptionState <- ExceptionState + I 
enddef 
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Definition 

def PerformAccessDetail(exception) as 

if (ContinuationState = 0) or (ExceptionState ^ 0) then 
raise exception 

else 

ContinuationState ContinuationState - 1 

endif 
enddef 



Definition 

def BranchBack(rd,rcrb) as 
c ^ RegReadfrc. 64) 
if {rd ^ 0) or(rc ^ 0) or (rb ^ 0) then 
raise Reservedlnstruction 

endlf 

a <- LoadMemory(ExceptionBase,ExceptionBasefThread* 128,1 28,1) 
if PrivilegeLevel > C|..o then 

PrivilegeLevel C|„o 

endif 

ProgramCounter <- C63..2 I ' 0^ 
ExceptionState <- 0 
RegWrite|rdJ2aa) 
raise TakenBranchContinue 
enddef 



The following data is stored into memory at the Exception Storage Address 



sn 


384383 




256255 




128127 


0 


1 


RFf31 1 


RFf2J 


1 


RFpi 


1 RFfOI 


1 




128 


128 




128 


128 




511 












384 


1 RFf3I 1 








128 








383 












256 


1 RFr2i 1 








128 








255 












128 


1 RFIll 1 








128 








127 












0 


1. RFIOl 1 



128 



The following data is loaded from memory at the Exception Vector Address: 
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63 0 

64 

63 21 0 

I P<= I P' I 

62 2 

The following data replaces the original contents of RF[3..0]: 



(^11 
D 1 1 




3o'f5o3 


ZboZob 




128127 


6463 0 


I 

1,. 


PA 


1 

...J.„ 


excepiion | 




1 eps 


Ipcilpil 




128 




128 


128 


64 


64 


51 1 






448447 






384 


L 




0 


1 




FA 


1 






64 






64 




383 






320319 


280383 


256261 260259 256 


1 




0 


1 0 


1 


as 1 at 


1 code 1 






64 


40 




8 8 


8 


255 






192191 






128 


1 




0 


1 




EDP 


1 






64 






64 




127 






6463 






21 0 


1 




0 


1 




PC 


Ip'I 






64 






62 


2 



at: access type: 0=r, l=w, 2=x, 3=g 
as: access size in bytes 

TODO: add size, access type to exception data in pseudocode. 

Ephemeral Program State 

Ephemeral Program State (EPS) is defined as program state which affects the operation of 
certain instructions, but which does not need to be saved and restored as part of user state. 

Because these bits are not saved and restored, the sizes and values described here are not 
visible to software. The sizes and values described here were chosen to be convenient for the 
definitions in this documentation. Any mapping of these values which does not alter the 
fimcrions described may be used in a conforming implementation. For example, either of the 
EPS states may be implemented as a thermometer-coded vector, or the ContinuationState 
field may be represented with specific values for each AccessDetailRequired exception which 
an instruction execution may encounter. 
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There are eight bits of EPS: 

bit# Name Meaning 

I..0 ExceptionState 0: Normal processing. Asynchronous events and 

Synchronous exceptions enabled. 
I: Even^Exception handling: Synchronous 
exceptions cause SecondException. Asynchronous 
events are masked. 

2: Second exception handling: Synchronous 
exceptions cause a machine check. Asynchronous 
events are masked. 
3: illegal state 

This field is incremented by handling an event or 
exception, and cleared by the Branch Back 
instruction. 

7..2 ContinuationState Continuation state for AccessDetailRequired 

exceptions. A value of zero enables all exceptions 
of this kind. The value is increased by one for 
each AccessDetailRequired exception handled, for 
which that many AccessDetailRequired exceptions 
are continued past (ignored) on re-execution in 
normal processing |ex=0). Any other kind of 
exception, or the completion of an instruction 
under normal processing causes the continuation 
state to be reset to zero. State does not need to 
be saved on context switch. 



The CondnuadonState bits are ephemeral because if they are cleared as a result of a context 
switch, the associated exceptions can happen over again. The AccessDetail exception 
handlers will then set the bits again, as they were before the context switch. In the case 
where an AccessDetail exception handler must indicate an error, care must be taken to 
perform some instruction at the target of the Branch Back instruction by the exception 
handler is exited that will operate properly with ContinuationState;^. 

The ExceptionState bits are ephemeral because they are explicidy set by event handling and 
cleared by the termination of event handling, including event handling that results in a 
context switch. 

Event Register 

Events are single-bit messages used to communicate the occurrence of events between 
threads and interface devices. 

0 

event | 

64 



63 
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The Event Register appears at several locations in memory, with siighdy different side 
effects on read and write operations. 



Offset 


side effect on read 


side effect on write 


0 


none: return event register 
contents 


normal: write data into event 
register 


256 


stall thread until contents of 


stall thread until bitwise and of 


event register is non-zero, then 
return event register contents 


data and event register contents 
is non-zero 


512 


return zero value (so read- 
modify-write for byte/double^/ 
quadlet store works) 


one bits in data set (to one) 
corresponding event register bits 


768 


return zero value (so read- 
modify-write for byte/doublel/ 
quadlet store works) 


one bits in data clear (to zero) 
corresponding event register bits 



Phvsical address 

The Event Register appears at three different locations, for which three functions of the 
Event Register are performed as described above. The physical address of an Event Register 
for function f, byte b is: 

63 2423 10987 32 0 

I FFFF FFFF OFOO 0000 63„24 | 0 \fY^ 

40 14 2 5 



Definition 

def data <- AccessPhysicalEventReglster|pa.op,wdata) as 
f ^ Pa9..8 

if (pazB^lO = 0) and (pa7..4 = 0) and (f i) then 
case f II op of 
OMR: 

data ^0^4 II EventReglster 
2 I I R, 3 I I R: 

data <~ 0 
0 I I W: 

EventReglster wdata63,.o 

2 I I W: 

EventReglster <- EventReglster or wdata^s^o 

3 I I W: 

EventReglster EventReglster and -wdata63..o 

endcase 

else 

data <- 0 

endif 
enddef 
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Events: 

The table below shows the events and their corresponding event number. The priority of 
these events is soft, in that dispatching from the event register is controlled by software. 

TODO notwithstanding the above, using die EXOGMOST.U instruction is handy for 
prioritizing these events, so if youVe got a preference as to numbering, speak up! 



number 


W V ^1 1 L 


0 


r\r\r[( 


1 
■ 


r\^\J\\/\ir oLUvC 


z. 


tJrU dCllve 




or 1 dCtiVc 


A 
t 


or/, active 


C 
3 


DUov-Mfv* active 


i. 
O 


rLUoMff active 


7 


FRCMC# active 


8 


IGNNE# active 


9 


INfT active 


10 


INTR active 


1 1 


NMI active 


12 


SMI# active 


13 


STPCLK* active 


14 


CPUTiTP active at reset (Primary vs Dual processor) 


15 


DPEN# active at reset (Dual processing enable - driven low 




by dual processor) 


16 


FLUSH* active at reset (tristate test mode) 


17 


INIT active at reset 


18 


Bus lock broken 


19 


BRYRC# active at reset (drive strength) 


20 





Event Mask 

The Event Mask (one per thread) control whether each of the events described above is 
permitted to cause an exception in the corresponding thread. 

Phvsical address 

There are as many Event Masks as threads. The physical address of an Event Mask for 
thread th, byte b is: 
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63 



2423 1918 



32 0 



FFFF FFFF OEOO 0000 



40 



63..24 




16 3 




Definition 

def data <- AccessPhysicalEventMask(pa,op,wdata) as 
th ^ pa23.i9 

if |th < T) and (pai8„4 = 0) then 
case op of 



R: 



data ^0^4 II EventMask(thJ 



W: 



EventMaskfthJ wdata63..o 



endcase 



else 



data <- 0 



endif 



enddef 
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Exceptions: 

The table below shows the exceptions, the corresponding exception number, and the 
parameter supplied by the exception handler in register 3. 



number 


exception 


parameter (register 3) 


0 


EventlnterruDt 




I 


MisslnGlobaUB 


dlobal address 


2 


Access Deta il Renui red BvTri a 


nlobal addrpss 


3 


AccessDetailReauiredBvGlobafTB 


Global address 


4 


AccessDetailReauiredBvLocaUB 


local address 


5 






6 


SecondExceDtion 




7 


ReservpdJnstruction 


instruction 

If ULI U^LI^yl 1 


8 


Ac cess Disa 1 lowed B vVi rtua lAd d ress 


local address 


9 


AccessDisallowedBvTaa 


ninbal Piddr^^^ 


10 


AccessDisallowed BvG lobalTB 


nlobal addrP55 


I ] 


Acre^^Dl^allowpdRvl orpifFR 


loral picidfRK^ 


J2 


MisslnLorafTB 


lnrp\\ ;^ddrp^^ 

IV^V_CII ClUvJI 


13 


FixpdPoinfArithmptir 


in <i tri J rti on 

II I^LI UV.l.iV./l 1 


14 


Fln;^finnPDinfArifhmpfir 


if IJkLI UVUWI 1 


15 


Gpi tPWPix/Oi^Pi llnwpd 


nonp 


16 






17 






18 






19 






20 






21 






22 






23 






24 






25 








TakenBranch 






TakenBranchContinue 





GlobalTBMiss Handler 

The GlobalTBMiss exception occurs when a load, store, or instruction fetch is attempted 
while none of the GlobalTB entries contain a matching virtual address. The Zeus processor 
uses a fast software-based exception handler to fill in a missing GlobalTB entry. 

There are several possible ways that software may maintain page tables. For purposes of this 
discussion, it is assumed that a virtual page table is maintained, in which 128 bit GTB values 
for each 4k byte page in a linear table which is itself in virtual memory. By maintaining the 
page table in virtual memory, very large virtual spaces may be managed without keeping a 
large amount of physical memory dedicated to page tables. 
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Because the page table is kept in virtual memory, it is possible that a valid reference may 
cause a second GTBMiss exception if the virtual address that contains the page table is not 
present in the GTB. The processor is designed to permit a second exception to occur within 
an exception handler, causing a branch to the SecondException handler. However, to 
simplify the hardware involved, a SecondException exception saves no specific information 
about the exception ~ handling depends on keeping enough relevant information in registers 
to recover from the second exception. 

Zeus is a multithreaded processor, which creates some special considerations in the 
exception handler. Unlike a single-threaded processor, it is possible that multiple threads 
may nearly simultaneously reference the same page and invoke two or more GTB misses, 
and the fully-associative construction of the GTB requires that there be no more than one 
matching entry for each global virtual address. Zeus provides a search-and-insert operation 
(GTBUpdateFill) to simplify the handling of the GTB. This operation also uses hardware 
GTB pointer registers to select GTB entries for replacement in FIFO priority. 

A further problem is that software may need to modify the protection information contained 
in the GTB, such as to remove read and/or write access to a page in order to infer which 
parts of memory are in use, or to remove pages from a task. These modifications may occur 
concurrenriy with the GTBMiss handler, so software must take care to properly synchronize 
these operations. Zeus provides a search-and-update operation (GTBUpdate) to simplify 
updating GTB entries. 

When a large number of page table entries must be changed, noting the limited capacity of 
the GTB can reduce the work. Reading the GTB can be less work than matching all 
modified entries against the GTB contents. To facilititate this, Zeus also provides read 
access to the hardware GTB pointers to further permit scanning the GTB for entries which 
have been replaced since a previous scan. GTB pointer wraparound is also logged, so it can 
be determined that the entire GTB needs to be scanned if all entries have been replaced 
since a previous scan. 
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In the code below, offsets from rl are used with the following data structure 



Offset 


Meaninq 


0..I5 


rO save 


16..32 


rl save 


32..47 


r2 save 


48..63 


r3 save 


512..527 


r4 save 


528..535 


BasePT 


536..543 


GTBUpdateFIII 


544..559 


Dummy PT 


560..639 


available 96 bytes 



BasePT = 512 + 16 
GTBUpdateFill = BasePT + 8 
DummyPT = GTBUpdateFill + 8 

On a GTBMiss, the handler retrieves a base address for the virtual page table and constructs 
an index by shifting away the page offset bits of the virtual address. A single 128- bit indexed 
load retrieves the new GTB entry direcdy (except that a virtual page table miss causes a 
second exception, handled below). A single 128-bit store to the GTBUpdateFill location 
places the entry into the GTB, after checking to ensure that a concurrent handler has not 
already placed the entry into the GTB. 

Code for GlobalTBMiss: 



\\64\a r2=r I, BasePT //base address for page table 

ashri r3®12 //4k pages 

11281a r3=r2,r3 //retrieve page table, SecExc if bad va 

2: Ii64la r2=r1, GTBUpdateFill //pointer to GTB update location 

si 1281a r3/2,0 //save new TB entry 

li 1281a r3=rl,48 //restore r3 

HI 281a r2=rl,32 //restore r2 

Iil28la rI=rM6 //restore rl 

bback //restore rO and return 



A second exception occurs on a virtual page table miss. It is possible to service such a page 
table miss direcdy, however, the page offset bits of the virtual address have been shifted 
away, and have been lost. These bits can be recovered: in such a case, a dummy GTB entry is 
constructed, which will cause an exception other than GTBMiss upon returning. A re- 
execution of the offending code will then invoke a more extensive handler, making the full 
victual address available. 

For purposes of this example, it is assumed that checking the contents of r2 against the 
contents of BasePT is a good way to ensure that the second exception handler was entered 
from die GlobalTBMiss handler. 

Code for SecondException: 

si 1 281a r4,rl,512 //save r4 

Ii64la r4=r I, BasePT //base address for page table 

bne r2/4Jf //did we lose at page table load? 
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liI28la r2=rI,DummyPT //dummy page table, shifted left 64-12 bits 

xshlmil28 r3®r2,64+12 //combine page number with dummy entry 

li 1281a r4=rK512 //restore r4 

b 2b //fall back into GTB Miss handler 

Ir 

Exceptions in detail 

There are no special registers to indicate details about the exception, such as the virtual 
address at which an access was attempted, or the operands of a floating-point operation that 
results in an exception. Instead, this information is available via general-purpose registers or 
registers stored in memory. 

When a synchronous exception or asynchronous event occurs, the original contents of 
registers 0..3 are saved in memory and replaced with (0) program counter, privilege level, and 
ephemeral program state, (1) event data pointer, (2) exception code, and (3) when applicable, 
failing address or instruction. A new program counter and privilege level is loaded from 
memory and execution begins at the new address. After handling the exception and restoring 
all but one register, a branch-back instruction restores the final register and resumes 
execution. 

During exception handling, any asynchronous events are kept pending until a BranchBack 
instruction is performed. By this mechanism, we can handle exceptions and events one at a 
time, without the need to interrupt and stack exceptions. Software should take care to avoid 
keeping the handling of asynchronous events pending for too long. 

When a second exception occurs in a thread which is handling an exception, all the above 
operations occur, except for the saving and replacing of registers 0..3 in memory. A distinct 
exception code SecondException replaces the normal exception code. By this mechanism, a 
fast exception handler for GlobalTBMiss can be written, in which a second GlobalTBMiss 
or FixedPointOverflow exception may safely occur. 

When a third exception occurs in a thread which is handling an exception, an immediate 
transfer of control occurs to the machine check vector address, with information about the 
exception available in the machine check cause field of the status register. The transfer 
of control may overwrite state that may be necessary to recover from the exception; the 
intent is to provide a satisfactory post-mortem indication of the characteristics of the failure. 

This section describes in detail the conditions under which exceptions occur, the parameters 
passed to the exception handler, and the handling of the result of the procedure. 

Reserved Instruction 

The Reservedlnstniction exception occurs when an instruction code which is reserved for 
future definition as part of the Zeus architecture is executed. 

Register 3 contains the 32-bit instruction. 
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Access Disallowed bv virtual address 

This exception occurs when a load, store, branch, or gateway refers to an aligned memory 
operand with an improperly aligned address, or if architecture describtion parameter LB=1, 
may also occur if the add or increment of the base register or program counter which 
generates the address changes the unmasked upper 16 bits of the local address. 

Register 3 contains the local address to which the access was attempted. 

Access disallowed bv tag 

This exception occurs when a read Qoad), write (store), execute, or gateway attempts to 
access a virtual address for which the matching cache tag entry does not permit this access. 

Register 3 contains the global address to which the access was attempted. 

Access detail required by tag 

This exception occurs when a read (load), write (store), or execute attempts to access a 
virtual address for which the matching virtual cache entry would permit this access, but the 
detail bit is set. 

Register 3 contains the global address to which the access was attempted. 
Description 

The exception handler should determine accessibility. If the access should be allowed, the 
continuepastdetail bit is set and execution returns. Upon return, execution is restarted and 
the access will be retried. Even if the detail bit is set in the matching virtual cache entry, 
access will be permitted. 

Access disallowed bv global IB 

This exception occurs when a read (loac^, write (store), execute, or gateway attempts to 
access a virtual address for which the matching ^obal TB entry does not permit this access. 

Register 3 contains the global address to which the access was attempted. 

Description 

The exception handler should determine accessibility, modify the virtual memory state if 
desired, and return if the access should be allowed. Upon return, execution is restarted and 
the access will be retried. 

Access detail required by global TB 

This exception occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which the matching global TB entry would permit this access, but 
the detail bit in the global TB entry is set. 
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Register 3 contains the global address to which the access was attempted. 
Description 

The exception handler should determine accessibility and return if the access should be 
allowed. Upon return, execution is restarted and the access will be allowed. If the access is 
not to be allowed, the handler should not return. 

Global TB miss 

This exception occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which no global TB entry matches. 

Register 3 contains the global address to which the access was attempted. 
Description 

The exception handler should load a global TB entry that defines the translation and 
protection for this address. Upon return, execution is restarted and the global TB access will 
be attempted again. 

Access disallowed by local TB 

This exception occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which the matching local TB entry does not permit this access. 

Register 3 contains the local address to which the access was attempted. 

Description 

The exception handler should determine accessibility, modify the virtual memory state if 
desired, and return if the access shovdd be allowed. Upon return, execution is restarted and 
the access wiU be retried. 

Access detail required bv local TB 

This exception occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which the matching local TB entry would permit this access, but 
the detail bit in the local TB entry is set 

Register 3 contains the local address to which the access was attempted. 
Description 

The exception handler should determine accessibility and return if the access should be 
allowed. Upon return, execution is restarted and the access will be allowed. If the access is 
not to be aUowed, the handler should not return. 
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Local TB miss 

This exception occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which no local TB entry matches. 

Register 3 contains the local address to which the access was attempted. 

Description 

The exception handler should load a local TB entry that defines the translation and 
protection for this address. Upon return, execution is restarted and the local TB access will 
be attempted again. 

Floating-point arithmetic 

Register 3 contains the 32-bit instruction. 
Description 

The address of the instruction that was the cause of the exception is passed as the contents 
of register 0. The exception handler should attempt to perform the ftmction specified in the 
instruction and service any exceptional conditions that occur. 

Fixed-point arithmetic 

Register 3 contains the 32-bit instruction. 
Description 

The address of the instruction which was the cause of the exception is passed as the 
contents of register 0. The exception handler should attempt to perform the function 
specified in the instruction and service any exceptional conditions that occur. 
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Reset 

Reset and Error Recovery 

Certain external and internal events cause the processor to invoke reset or error recovery 
operations. These operations consist of a full or partial reset of critical machine state, 
including initialization of the threads to begin fetching instructions from the start vector 
address. Software may determine the nature of the reset or error by reading the value of the 
control register, in which finding the reset bit set (1) indicates that a reset has occurred, and 
finding both the reset bit cleared (0) indicates that a machine check has occurred. When 
either a reset or machine check has been indicated, the contents of the status register contain 
more detailed information on the cause. 

Definition 

def PerformMachineCheck(cause) as 

ResetVirtualMemoryO 

ProgramCounter <- StartVectorAddress 

FrivilegeLevel 3 

StatusRegister <- cause 
enddef 

Reset 

A reset may be caused by a power-on reset, a bus reset, a write of the control register which 
sets the reset bit, or intemaUy detected errors including meltdown detection, and double 
check. 

A reset causes the processor to set the configuration to minimum power and low clock 
speed, note the cause of the reset in the status register, stabilize the phase locked loops, 
disable the MMU from the control register, and initialize a aU threads to begin execution at 
the start vector address. 

Other system state is left undefined by reset and must be explicidy initialized by software; 
tiiis explicidy includes die thread register state, LTB and GTB state, superspring state, and 
external interface devices. The code at the start vector address is responsible for initializing 
these remaining system facilities, and reading further bootstrap code from an external ROM, 

Power-on Reset 

A reset occurs upon initial power-on. The cause of the reset is noted by initializing the Status 
Register and other registers to the reset values noted below. 

Bus Reset 

A reset occurs upon observing that the RESET signal has been at active. The cause of the 
reset is noted by initializing the Status Register and other registers to the reset values noted 
below. 
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Machine Check 

Control Register Reset 

A reset occurs upon writing a one to the reset bit of the Control Register. The cause of the 
reset is noted by initializing the Status Register and other registers to the reset values noted 
below. 

Meltdown Detected Reset 

A reset occurs if the temperature is above the threshold set by the meltdown margin field 
of the configuration register. The cause of the reset is noted by setting the meltdown 
detected bit of the Status Register. 

Double Check Reset 

A reset occurs if a second machine check occurs that prevents recovery firom the first 
machine check. Specifically, the occurrence of an exception in event thread, watchdog 
timer error, or bus error while any machine check cause bit is still set in the Status Register 
results in a double machine check reset. The cause of the reset is noted by setting the 
double check bit of die Status Register. 

Machine Check 

Detected hardware errors, such as communicadons errors in the bus, a watchdog timeout 
error, or internal cache parity errors, invoke a machine check, A machine check will disable 
the MMU, to translate all local virtual addresses to equal physical addresses, note the cause 
of the exception in the Status Register, and transfer control of the all threads to the start 
vector address. This action is similar to that of a reset, but differs in that the configuration 
settings, and thread state are preserved. 

Recovery from machine checks depends on the severity of the error and the potential loss of 
information as a direct cause of the error. The start vector address is designed to reach 
intemal ROM memory, so that operation of machine check diagnostic and recovery code 
need not depend on proper operation or contents of any external device. The program 
counter and register file state of the thread prior to the machine check is lost (except for the 
portion of the program counter saved in the Status Register), so diagnostic and recovery 
code must not assume that the register file state is indicative of the prior operating state of 
the thread. The state of the thread is frozen similarly to that of an exception. 

Machine check diagnostic code determines die cause of the machine check from the 
processor's Status Register, and as required, the status and other registers of external bus 
devices. 

Recovery code will generally consume enough time that real-time interface performance 
targets may have been missed. Consequendy, the machine check recovery software may need 
to repair further damage, such as interface buffer underruns and overruns as may have 
occurred during the intervening time. 
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Machine Check 

This final recovery code, which re-initializes the state of the interface system and recovers a 
functional event thread state, may return to using the complete machine resources, as the 
condition which caused the machine check will have been resolved. 

The following table lists the causes of machine check errors. 

Parity or uncorrectable error in on-chip cache 
Parity or communications error in system bus 
Event Thread exception 

Watchdog timer 

machine check errors 

Parity or Uncorrectable Error in Cache 

When a parity or uncorrectable error occurs in an on-chip cache, such an error is generally 
non-recoverable. These errors are non-recoverable because the data in such caches may 
reside anywhere in memory, and because the data in such caches may be the only up-to-date 
copy of that memory contents. Consequendy, the entire contents of the memory store is 
lost, and the severity of the error is high enough to consider such a condition to be a system 
failure. 

The machine check provides an opportunity to report such an error before shutting down a 
system for repairs. 

There are specific means by which a system may recover from such an error without failure, 
such as by restarting from a system-level checkpoint, from which a consistent memory state 
can be recovered. 

Parity or Communications Error in Bus 

When a parity or communications error occurs in the system bus, such an error may be 
partially recoverable. 

Bits corresponding to the affected bus operation are set in the processor's Status Register. 
Recovery software should determine which devices are affected, by querying the Status 
Register of each device on the affected MediaChannel channels. 

A bus timeout may result from normal self-configuration activities. 

If the error is simply a communications error, resetting appropriate devices and restarting 
tasks may recover from the error. Read and write transactions may have been underway at 
the time of a machine check and may or may not be reflected in the current system state. 

If the error is from a parity error in memory, the contents of the affected area of memory is 
lost, and consequendy the tasks associated with that memory must generally be aborted, or 
resumed from a task-level checkpoint. If the contents of the affected memory can be 
recovered from mass storage, a complete recovery is possible. 
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Start Address 

If the affected memory is that of a critical part of the operating system, such a condition is 
considered a system failure, unless recovery can be accomplished from a system-level 
checkpoint. 

Watchdog Timeout Error 

A watchdog timeout error indicates a general software or hardware failure. Such an error is 
generally treated as non-recoverable and fatal. 

Event Thread Exception 

When an event thread suffers an exception, the cause of the exception and a portion of the 
virtual address at which the exception occurred are noted in the Status Register. Because 
under normal circumstances, the event thread should be designed not to encounter 
exceptions, such exceptions are treated as non-recoverable, fatal errors. 

Reset state 

A reset or machine check causes the Zeus processor to stabilize the phase locked loops, 
disable the local and global TB, to translate all local virtual addresses to equal physical 
addresses, and initialize all threads to begin execution at the start vector address. 

Start Address 

The start address is used to initialize the threads with a program counter upon a reset, or 
machine check. These causes of such initialization can be differentiated by the contents of 
the Status Register. 

The start address is a virtual address which, when "translated" by the local TB and global TB 
to a physical address, is designed to access the internal ROM code. The internal ROM space 
is chosen to minimize the number of internal resources and interfaces that must be operated 
to begin execution or recover from a machine check. 



Virtual/physical address 


description 


OxFFFF FFFF FFFF FFFC 


start vector address 



Definition 

def StartProcessor as 
forever 

catch check 

EnableWatchdog ^ 0 
fork RunClock 

ControlRegister^2 ^ ^ 
for th ^ 0 to T-l 

ProgramCounterfthJ <- OxFFFF FFFF FFFF FFFC 

PrivilegeLevel(th] 4- 3 

fork Thread(th) 
endfor 
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Internal ROM Code 

endcatch 
kill RunClock 
for th <- 0 to T-1 
kill Thread(th) 
endfor 

PerformMachlneCheck(check) 
endforever 
enddef 

def PerformMachineCheck(check) as 
case check of 

ClockWatchdog: 
CacheError: 
ThirdException: 
endcase 
enddef 



internal ROM Code 

Zeus internal ROM code performs reset initialization of on-chip resources, including the 
LZC and LOG, followed by self-testing. The BIOS ROM should be scanned for a special 
prefix that indicates that Zeus native code is present in the ROM, in which case the ROM 
code is executed direcdy, otherwise execution of a BIOS-level x86 emulator is begun. 
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Memory and Devices 

Physical Memory Map 



Zeus defines a 64-bit physical address, but while residing in a S7 pin-out, can address a 
maximum of 4Gb of main memory. In other packages the core Zeus design can provide up 
to 64-bit external physical address spaces. Bit 63..32 of the physical address distinguishes 
between internal (on-chip) physical addresses, where bits 63..32=FFFFFFFF, and external 
(off-chip) physical addresses, where bits 63.3256FFFFFFFF. 



Address range bytes 

0000 0000 0000 0000..0000 0000 FFFF FFFF 4G 

0000 0001 0000 OOOO..FFFF FFFE FFFF FFFF '6E-8G 

FFFF FFFF 0000 OOOO..FFFF FFFF 0002 OFFF I28K+4K 

FFFF FFFF 0002 IOOO..FFFF FFFF 08FF FFFF I44M-132K 

FFFF FFFF 0900 OOOO..FFFF FFFF 0900 007F 128 

FFFF FFFF 0900 0080..FFFF FFFF 09FF FFFF I6M-I28 

FFFF FFFF OAOO 0000+t*2 ' 1 6 8*7*2^^ 

FFFF FFFF OAOO OOOO..FFFF FFFF OAFF FFFF 8*7*2*-^ 

FFFF FFFF OBOO 0OOO..FFFF FFFF OBFF FFFF 16M 

FFFF FFFF OCOO 0000+t5..GT*2'^*^+eN6 J2'^GE-GT 

FFFF FFFF OCOO 0000..FFFF FFFF OCFF FFFF j2'*^<2E-^''" 

FFFF FFFF ODOOOOOO+tg .gt*2'^*^''' I6*T*2-<2T 
FFFF FFFF ODOO 0 1 00+t5..GT*2 ' 16*7*2-^"^ 

FFFF FFFF ODOO 020O^-t5. gt*2 ' 8*7*2-^''' 

FFFF FFFF 0D00030O+t5..GT*2'^*^''' 8*T*2-<^''^ 

FFFF FFFF 0D00040aft5..GT*2'^*^ 8*7*2-^^ 
FFFF FFFF OEOO 000a+t*2'^ 

FFFF FFFF OFOO 0008..FFFF FFFF OFOO OOFF 256-8 

FFFF FFFF OFOO OIOO..FFFF FFFF OFOO 0107 8 

FFFF FFFF OFOO 0I08..FFFF FFFF OFOO OIFF 256-8 

FFFF FFFF OFOO 0200..FFFF FFFF OFOO 0207 8 

FFFF FFFF OFOO 0208..FFFF FFFF OFOO 02FF 256-8 

FFFF FFFF OFOO 0300..FFFF FFFF OFOO 0307 8 

FFFF FFFF OFOO 0308..FFFF FFFF OFOO 03FF 256-8 

FFFF FFFF OFOO 0400..FFFF FFFF OFOO 0407 8 

FFFF FFFF OFOO 0408..FFFF FFFF OFOO 04FF 256-8 

FFFF FFFF OFOO 0500..FFFF FFFF OFOO 0507 8 

FFFF FFFF OFOO 0508..FFFF FFFF OFOO 05FF 256-8 

FFFF FFFF OFOO 0600..FFFF FFFF OFOO 0607 8 

FFFF FFFF OFOO 0608..FFFF FFFF OFOO 06FF 256-8 

FFFF FFFF OFOO 0700..FFFF FFFF OFOO 0707 8 

FFFF FFFF OFOO 0708..FFFF FFFF OFOO 07FF 256-8 

FFFF FFFF OFOO 0800..FFFF FFFF OFOO 0807 8 

FFFF FFFF OFOO 0808..FFFF FFFF OFOO 08FF 256-8 

FFFF FFFF OFOO 0900..FFFF FFFF OFOO 0907 8 

FFFF FFFF OFOO 0908..FFFF FFFF OFOO 09FF 256-8 

FFFF FFFF OFOO OAOO..FFFF FFFF OFOO 0AO7 8 



Meaning 

External Memory 

External Memory expansion 

Level One Cache 

Level One Cache expansion 

Level One Cache redundancy 

LOC redundancy expansion 

LTB thread t entry e 

LTB max 8*7*2^^ = 16M bytes 

Special Bus Operations 

GTB thread t entry e 

GTB max 25+4+ »5 ^ ,^|^ ^ytes 

GTBUpdate thread t 

GTBUpdateFill thread t 

GTBLast thread t 

GTBFirst thread t 

GTBBump thread t 

Event Mask thread t 

Reserved 

Event Register with stall 
Reserved 

Event Register bit set 
Reserved 

Event Register bit clear 

Reserved 

Clock Cycle 

Reserved 

Thread 

Reserved 

Clock Event 

Reserved 

Clock Watchdog 

Reserved 

Tally Counter 0 

Reserved 

Tally Control 0 

Reserved 

Tally Counter 1 
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FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 



FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 



OFOO 0A08. 
OFOO OBOO.. 
OFOO 0B08. 
OFOO OCOO. 
OFOO 0C08. 
OFOO OCOO. 
OFOO 0D08 
OFOO OEOO, 
OFOO 0208. 
OFOO OFOO. 
OFOO 0F08. 
FFOO 0000. 
FFFF 0000. 



FFFF FFFF 
.FFFF FFFF 
FFFF FFFF 
.FFFF FFFF 
..FFFF FFFF 
.FFFF FFFF 
.FFFF FFFF 
.FFFF FFFF 
.FFFF FFFF 
.FFFF FFFF 
.FFFF FFFF 
..FFFF FFFF 
..FFFF FFFF 



OFOO OAFF 
OFOO 0B07 
OFOO OBFF 
OFOO 0C07 
OFOO OCFF 
OFOO 0D07 
OFOO ODFF 
OFOO 0E07 
OFOO 02FF 
OFOO 0F07 
FEFF FFFF 
FFFE FFFF 
FFFF FFFF 



256-8 
8 

256-8 
8 

512-8 
8 

512-8 
8 

256-8 
8 

l6M-64k 
64K 



Reserved 
Tally Control I 
Reserved 
Exception Base 
Reserved 

Bus Control Register 

Reserved 

Status Register 

Reserved 

Control Register 

Reserved 

Internal ROM expansion 
Internal ROM 



The suffixes in the table above have the following meanings: 



letter 


name 


2^ 


"binary 


loy 


"decimar 


b 


bits 










B 


bytes 


0 


1 


0 


1 


K 


kilo 


10 


1 024 


3 


1 000 


M 


mega 


20 


1 048 576 


6 


1 000 000 


G 


giga 


30 


1 073 741 824 


9 


1 000 000 000 


T 


tera 


40 


I 099 5 11 627 776 


12 


1 000 000 000 000 


P 


peta 


50 


1 125 899 906 842 624 


15 


1 000 000 000 000 000 


E 


exa 


60 


1 152 921 504 606 846 976 


18 


1 000 000 000 000 000 000 



Definition 

def data <- ReadPhysicalfpa^size) as 

data,flags <- AccessPhyslcal|pa,si2e,WAR,0) 
enddef 

def WritePhyslcal(pa,si2e,wdata) as 

data,flags Acces$Physical(pa,si2e,WAW,wdata) 
enddef 

def data,flags <- AccessPhysical(pa,si2e,ccop,wdata) as 

if (0x0000000000000000 < pa < OxOOOOOOOOFFFFFFFF) then 
data,flags <- AccessPhyslcalBus(pa^i2e,ccop,wdata) 

else 

data ^ AccessPhyiscalDevices(pa.si2e,op,wdata) 
flags I 

endif 
enddef 

def data <- AccessPhysicalDevices(pa,si2e,op.wdata) as 
if (si2e=256) then 

dataO <- AccessPhysicalDevices(pa,I28.op.wdatai27..o) 
datal <- AccessPhysicalDevices(pa+I6J28.op.wdata255..i28) 
data <~ datal I I dataO 
elseif (OxFFFFFFFFOBOOOOOO ^ pa < OxFFFFFFFFOBFFFFFF) then 
//don't perform RMW on this region 
data <- AccessPhysicalOtherBus|pa,size,op,wdata) 
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elseif (op=W) and (si2e<l28) then 

//this code should change to check pa4..0;*0 and size<si2eofreg 
rdata <- AccessPhysicalDevicesfpa and -15J28,R,0) 
bs ^ 8*(pa and 15) 
be 4- bs + size 

hdata ^ rdata i27..be ' ' wdatabe-l..bs ' ' rdatabs-L.o 
data 4- AccessPhyslcalDevices(pa and - 1 5, 1 28,W.hdata) 
elseif (0x0000000100000000 ^ pa ^ OxFFFFFFFEFFFFFFFF) then 
data ^ 0 

elseif (OxFFFFFFFFOOOOOOOO ^ pa ^ OxFFFFFFFFOSFFFFFF) then 

data,^ AccessPhysicalLOC(pa,op,wdata) 
elseif (0XFFFFFFFF09O00OO0 < pa ^ 0xFFFFFFFFO9FFFFFF) then 

data <- AccessPhysicalLOCRedundancy(pa,op,wdata) 
elseif (OxFFFFFFFFOAOOOOOO ^ pa ^ OxFFFFFFFFOAFFFFFF) then 

data <- AccessPhysicalLTB{pa,op,wdata) 
elseif (OxFFFFFFFFOCOOOOOO ^ pa < OxFFFFFFFFOCFFFFFF) then 

data <- AccessPhysicalGTB{pa,op,wdata) 
elseif (OxFFFFFFFFODOOOOOO £ pa ^ OxFFFFFFFFODFFFFFF) then 

data AccessPhysicalGTBRegisters(pa,op,wdata) 
elseif (OxFFFFFFFFOEOOOOOO ^ pa ^ OxFFFFFFFFOEFFFFFF) then 

data <- AccessPhysicalEventMask(pa,op,wdata) 
elseif (OxFFFFFFFFOEOOOOOO ^ pa ^ OxFFFFFFFFOFFFFFFF) then 

data <- AccessPhysicalSpecialRegisters(pa,op,wdata) 
elseif (OxFFFFFFFF 1 0000000 ^ pa ^ OxFFFFFFFFFEFFFFFF) then 

data 4- 0 

elseif (OxFFFFFFFFFFOOOOOO < pa < OxFFFFFFFFFEFFFFFF) then 
data AccessPhysicalROM(pa,op,wdata) 

endif 
enddef 

def data ir- AccessPhysicalSpecialRegisters(pa,op,wdata) as 
(P37..0 ^ 0x10) then 
data 0 

elseif (OxFFFFFFFFOFOOOOOO £ pa < OxFFFFFFFFOF0003FF) then 

data AccessPhysicalEventRegister(pa,op,wdata) 
elseif (OxFFFFFFFFOFOOOSOO ^ pa ^ OxFFFFFFFFOFOOOSFF) then 

data,<- AccessPhysicalThread(pa,op,wdata) 
elseif (0xFFFFFFFF0F000400 £ pa ^ 0xFFFFFFFF0F0007FF) then 

data,^ Acce$sPhy$jcalClock(pa,op,wdata) 
elseif (0xFFFFFFFF0F000800 ^ pa :^ OxFFFFFFFFOFOOOBFF) then 

data,<- AccessPhysicarrally(pa,op,wdata) 
elseif (OxFFFFFFFFOFOOOCOO < pa ^ OxFFFFFFFFOFOOOCFF) then 

data.<- AccessPhysicalExceptionBase|pa,op,wdata) 
elseif (OxFFFFFFFFOFOOODOO ^ pa ^ OxFFFFFFFFOFOOODFF) then 

data,^ AccessPhyslcalBusControl(pa,op,wdata) 
elseif (OxFFFFFFFFOFOOOEOO ^ pa £ OxFFFFFFFFOFOOOEFF) then 

data,<- AccessPhysicalStatus(pa,op,wdata) 
elseif (OxFFFFFFFFOFOOOEOO ^ pa ^ OxEFFFFFFFOFOOOFFE) then 

data,<- AccessPhysicalControl(paop,wdata) 

endif 
enddef 
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Architecture Description Register 



The last hexlet of the internal ROM contains data that describes implementation-dependent 
choices within the architecture specification. The last quadlet of the internal ROM contains a 
branch-immediate instruction, so the architecture description is limited to 96 bits. 



Address range 


bytes 


Meaning 


FFFF FFFF FFFF FFFC.FFFF FFFF FFFF FFFF 


4 


Reset address 


FFFF FFFF FFFF FFFO..FFFF FFFF FFFF FFFB 


12 


Architecture Description Register 



The table below indicates the detailed layout of the Architecture Description Register. 



bits 


field name 


value 


range 


interpretation 


127..96 


bi start 






Contains a branch instruction for bootstrap 
from internal ROM 


95..23 


0 


0 


0 


reserved 


22..2I 


GT 


I 


0..3 


log2 tlireads wliicli share a global TB 


20.. 17 


GE 


7 


0..15 


log2 entries in global TB 


16 


LB 


1 


0..1 


local TB based on base register 


I5..14 


LE 


1 


0..3 


log2 entries in local TB (per thread) 


13 


CT 


1 


0..I 


dedicated tags in first-level cache 


12..I0 


CS 


2 


0..7 


log2 cache blocks in first-level cache set 


9..5 


CE 


9 


0..3I 


log2 cache blocks in first-level cache 


4..0 


T 


4 


1..3? 


number of execution threads 



The architecture description register contains a machine-readable version of the architecture 
framework parameters: T, CE, CS, CT, LE, GE, and GT described in the Architectural 
Framework section on page 17. 

Status Register 

The status register is a 64-bit register with both read and write access, though the only legal 
value which may be written is a zero, to clear the register. The result of writing a non-zero 
value is not specified. 
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bits 


field name 


value 


range 


interpretation 




power-on 


1 


0.. 1 


This bit is set when a power-on reset has 
caused a reset. 




internal r set 


0 


O.J 


This bit is set when writing to the control 
register caused a reset. 


O 1 


bus reset 


0 


0.. 1 


This bit is set when a bus reset has caused 
a reset. 


60 


double check 


0 


0..1 


This bit is set when a double machine 
cricCK nas Cduseu a reset. 


59 


meltdown 


0 


0..I 


This bit is set when the meltdown detector 
rias causcu a resei. 


58..56 


0 


0* 


0 


Reserved for other machine check causes. 




event 
exception 


0 


0..I 


This bit is set when an exception in event 
thread has caused a machine check. 




watchdog 
timeout 


0 


0..1 


This bit is set when a watchdog timeout 
has caused a machine check. 


DO 


bus error 


0 


0.. 1 


This bit is set when a bus error has caused 
a macnine cnecK. 


52 


cache error 


0 


0..1 


This bit is set when a cache error has 
Cdusea a macnine cnecK. 


51 


vm error 


0 


0..I 


This bit is set when a virtual memory error 
has caused a machine check. 


50..48 


0 


0* 


0 


Reserved for other machine check causes. 


47..32 


machine 
check detail 


0* 


0..40 
95 


Set to exception code if Exception in event 
thread. Set to bus error code is bus error. 


3I..0 


machine 

check 
program 
counter 


0 


0 


Set to indicate bits 3 1 ..0 of the value of the 
thread 0 program counter at the initiation 
of a machine check. 



The power-on bit of the status register is set upon the completion of a power-on reset. 

The bus reset bit of the status register is set upon the completion of a bus reset initiated by 
the RESET pin of the Socket 7 interface. 

The double check bit of the status register is set when a second machine check occurs that 
prevents recovery from the first machine check, or which is indicative of machine check 
recovery software failure. Specifically, the occurrence of an event exception, watchdog 
timeout, bus error, or meltdown while any reset or machine check cause bit of the status 
register is still set results in a double check reset. 

The meltdown bit of the status register is set when the meltdown detector has discovered 
an on-chip temperature above the threshold set by the meltdown threshold field of the 
control register, which causes a reset to occur. 

The event exception bit of the status register is set when an event thread suffers an 
exception, which causes a machine check. The exception code is loaded into the machine 
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check detail field of the status register, and the machine check program counter is loaded 
with the low-order 32 bits of the program counter and privilege level. 

The watchdog timeout bit of the status register is set when the watchdog timer register is 
equal to the clock cycle register, causing a machine check. 

The bus error bit of the status register is set when a bus transaction error (bus timeout, 
invalid transaction code, invalid address, parity errors) has caused a machine check. 

The cache error bit of the status register is set when a cache error, such as a cache parity 
error has caused a machine check. 

The vm error bit of the status register is set when a virtual memory error, such as a GTB 
multiple-entry selection error has caused a machine check. 

The machine check detail field of the status register is set when a machine check has been 
completed. For an exception in event thread, the value indicates the type of exception for 
which the most recent machine check has been reported. For a bus error, this field may 
indicate additional detail on the cause of the bus error. For a cache error, this field may 
indicate the address of the error at which the cache parity error was detected 

The machine check program counter field of the status register is loaded with bits 31. .0 of 
the program counter and privilege level at which the most recent machine check has 
occurred. The value in this field provides a limited diagnostic capability for purposes of 
software development, or possibly for error recovery. 

Physical address 

The physical address of the Status Register, byte b is: 
63 

I FFFF FFFF OFOO OEOO ^ala 

61 

Definition 

def data <- AccessPhysicalStatusfpa^op.wdata) as 
case op of 
R: 

data 0^^ 1 1 StatusRegister 

W: 

StatusRegister ^ wdata63^o 

endcase 
enddef 

Control Register 

The control register is a 64-bit register with both read and write access. It is altered orJy by 
write access to this register. 



32 0 
3 
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iiciu nomc 


value 


range 


interpretaiion 


63 


1 w J c b 


0 


0 1 


jCTL L>J If IVwIVC II ILdl 1 Icil 1 v.^v.u 


62 


MMU 


0 


0 1 


^pf fn pnpjblp thp MM[ J 


61 


LOC Daritv 


0 


0 1 




60 


meltdown 


0 


0 1 




59..57 


LOC timing 


0 


0..7 


adjust LOC timing OOslow.JOfast 


56..55 




n 
U 




adjust LOC stress OO normal 


54..52 


clock timing 


0 


0..7 


adjust clock timing OOslow.JOfast 


5I..I2 


0 


0 


0 


Reserved 


11. .8 


global access 


0* 


0..15 


global access 


7..0 


niche limit 


0* 


0..12 
7 


niche limit 



The reset bit of the control register provides the ability to reset an individual Zeus device in 
a system. Writing a one (1) to this bit is equivalent to a power-on reset or a bus reset The 
duration of the reset is sufficient for the operating state changes to have taken effect At the 
completion of the reset operation, the internal reset bit of the status register is set and the 
reset bit of the control register is cleared (0). 

The MMU bit of the control register provides the ability to enable or disable the MMU 
features of the Zeus processor. Writing a zero (0) to this bit disables the MMU, causing all 
MMU-related exceptions to be disabled and causing all load, store, program and gateway 
virtual addresses to be treated as physical addresses. Writing a one (1) to this bit enables the 
MMU and MMU-related exceptions. On a reset or machine check, this bit is cleared (0), thus 
disabling the MMU. 

The parity bit of the control register provides the ability to enable or disable the cache parity 
feature of the Zeus processor. Writing a zero (0) to this bit disables the parity check, causing 
the parity check machine check to be disabled. Writing a one (1) to this bit enables the cache 
parity machine check. On a reset or machine check, this bit is cleared (0), thus disabling the 
cache parity check. 

The meltdown bit of the control register provides the ability to enable or disable the 
meltdown detection feature of the Zeus processor. Writing a zero (0) to this bit disables the 
meltdown detector, causing the meltdown detected machine check to be disabled. Writing a 
one (1) to this bit enables the meltdown detector. On a reset or machine check, this bit is 
cleared (0), thus disabling the meltdown detector. 

The LOC timing bits of the control register provide the ability to adjust the cache timing of 
the Zeus processor. Writing a zero (0) to this field sets the cache timing to its slowest state, 
enhancing reliability but limiting clock rate. Writing a seven (7) to this field sets the cache 
timing to its fastest state, limiting reliability but enhancing performance. On a reset or 
machine check, this field is cleared (0), thus providing operation at low clock rate. Changing 
this register should be performed when the cache is not actively being operated. 

The LOC stress bits of the control register provide the ability to stress the LOC parameters 
by adjusting voltage levels within the LOC. Writing a zero (0) to this field sets the cache 
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parameters to its normal state, enhancing reliability. Writing a non-zero value (1, 2, or 3) to 
this field sets the cache parameters to levels at which cache reliability is slighdy 
compromised. The stressed parameters are used to cause LOC cells with marginal 
performance to fail during self-test, so that redundancy can be employed to enhance 
reliability. On a reset or machine check, this field is cleared (0), thus provicUng operation at 
normal parameters. Changing this register should be performed when the cache is not 
actively being operated. 

The clock timing bits of the control register provide the ability to adjust the clock timing of 
the Zeus processor. Writing a zero (0) to this field sets the clock riming to its slowest state, 
enhancing reliability but limiting clock rate. Writing a seven (7) to this field sets the clock 
timing to its fastest state, limiting reliability but enhancing performance. On a power on 
reset, bus reset, or machine check, this field is cleared (0), thus providing operation at low 
clock rate. The internal clock rate is set to (clock timing+l)/2*(extemal clock rate). 
Changing this register should be performed along with a control register reset. 

The global access bits of the control register determine whether a local TB miss cause an 
exceptions or treatment as a global address. A single bit, selected by the privilege level active 
for the access from four bit configuration register field, "Global Access/' (GA) determines 
the result If GApL is zero (0), the failure causes an exception, if it is one (1), the failure 
causes the address to be used as a global address directiy. 

The niche limit bits of the control register determine which cache lines are used for cache 
access, and which lines are used for niche access. For addresses pai4,.8<nl , a 7-bit address 
modifier register am is inclusive-or'ed against pai4..8 to determine the cache line. The cache 
modifier am must be set to (l7-log(128-nl) | | olog(128-nl)) fo^ proper operation. The am 
value does not appear in a register and is generated from the nl value. 

Physical address 

The physical address of the Control Register, byte b is: 

63 

I FFFF FFFF OFOO OFOO 

61 

Definition 

def data AccessPhysicalControl(pa,op,wdata) as 
case op of 
R: 

data <- 0^^ I I ControlRegister 

W: 

ControlRegister 4- wdata63..o 

endcase 
enddef 



32 0 
" b 
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Clock 

The Zeus processor provides internal clock facilities using three registers, a clock cycle 
register that increments one every cycle, a clock event register that sets the clock bit in the 
event register, and a clock watchdog register that invokes a clock watchdog machine 
check. These registers are memory mapped. 

Clock Cycle 

Each Zeus processor includes a clock that maintains processor-dock-cycle accuracy. The 
value of the clock cycle register is incremented on every cycle, regardless of the number of 
instructions executed on that cycle. The clock cycle register is 64-bits long. 

For testing purposes die clock cycle register is both readable and writable, though in 
normal operation it should be written only at system initialization rime; there is no 
mechanism provided for adjusting the value in the clock cycle counter without the possibility 
of losing cycles. 

63 0 

I clock cycle | 

64 



Clock Event 

An event is asserted when the value in the clock cycle register is equal to the value in the 
clock event register, which sets the clock bit in the event register. 

It is required that a sufficient number of bits be implemented in the clock event register so 
that the comparison with the clock cycle register overflows no more frequendy than once 
per second. 32 bits is sufficient for a 4 GHz clock. The remaining unimplemented bits must 
be zero whenever read, and ignored on write. Equality is checked only against bits that are 
implemented in both the clock cycle and clock event registers. 

For testing purposes the clock event register is both readable and writable, though in 
normal operation it is normally written to. 

63 0 

I clock event | 

64 

Clock Watchdog 

A Machine Check is asserted when the value in the clock cycle register is equal to the value 
in the clock watchdog register, which sets the watchdog timeout bit in the control register. 

A Machine Check or a Reset, of any cause including a clock watchdog, disables the clock 
watchdog machine check. A write to the clock watchdog register enables the clock 
watchdog machine check. 
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It is required that a sufficient number of bits be implemented in the clock watchdog 
register so that the comparison with the clock cycle register overflows no more frequcndy 
than once per second; 32 bits is sufficient for a 4 GHz clock. The remaining unimplemented 
bits must be zero whenever read, and ignored on write. Equality is checked only against bits 
that are implemented in both the clock cycle and clock watchdog registers. 

The clock watchdog register is both readable and writable, though in normal operation it is 
usually and periodically written with a sufficiendy large value that the register does not equal 
the value in the clock cycle register before the next time it is written. 

63 0 

I clock watchdog | 

64 



Physical address 



The Clock registers appear at three different locations, for which three registers of the Clock 
are mapped. The Clock Cycle counter is register 0, the Clock Event is register 2, and 
ClockWatchdog is register 3. The physical address of a Clock Register f, byte b is: 

63 10987 32 0 



[ 



FFFF FFFF OFOO 0400 53 ,o 



54 



f 0 



Definition 

def data <- AccessPhysicalCIock(pa,op,wdata) as 
f ^ pa9„8 
case f I I op of 
0 I i R: 

data 0^^ II ClockCycle 
0 I I W: 

ClockCycle wdata63..o 
2 II R: 

data ^0^6 It ClockEvent 

2 I I W: 

ClockEvent wdata3K.o 

3 II R: 

data 0^6 II ClockWatchdog 
3 I I W: 

ClockWatchdog <- wdata3i..o 
EnableWatchdog 4- I 

endcase 
enddef 

def RunClock as 
forever 

ClockCycle ^ ClockCycle + I 

if EnableWatchdog and (ClockCycleB = ClockWatchdogsi^o) then 

raise ClockWatchdogMachineCheck 
elseif (ClockCycle3i„o = ClockEvent3i..o) then 

EventRegistero 1 
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endif 
wait 
endforever 
enddef 



Tally Counter 

Each processor includes two counters that can tally processor-related events or operations. 
The values of the tally counter registers are incremented on each processor clock cycle in 
which specified events or operations occur. The tally counter registers do not signal events. 

It is required that a sufficient number of bits be implemented so that the tally counter 
registers overflow no more frequenriy than once per second. 32 bits is sufficient for a 4 GHz 
clock. The remaining unimplemented bits must be zero whenever read, and ignored on 
write. 

For testing purposes each of the tally counter registers are both readable and writable, 
though in normal operation each should be written only at system initialization time; there is 
no mechanism provided for adjusting the value in the event counter registers without the 
possibility of losing counts. 

63 0 

I tally counter 0 j 

64 

0 

tally counter I | 

64 



63 



Physical address 

The Tally Counter registers appear at two different locations, for which the two registers are 
mapped. The physical address of a Tally Counter register £, byte b is: 

63 ^ 1098 32 0 

I FFFF FFFF OFOO 0800 53 ip ]l[~o" 



54 
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Tally Control 

The tally counter control registers each select one metric for one of the tally counters. 



63 


1615 0 


1 


0 Itafly control 0| 


63 


48 16 

1615 0 


1 


0 Itally control I| 




48 16 


Each control register is loaded with a value in one of the following formats: 

15 14 1312 8765432 I 0 


1 0 1 flag 1 thread |W|E|X|G|S|L|B|A| 


I 


2 5 1 1 1 1 1 1 1 1 


flaq 


meaning 


0 


count instructions issued 


1 


count instructions retired (differs by branch mispred, exceptions) 


2 


count cycles in which at least one instruction is issued 


3 


count cycles in which next instruction is waiting for issue 


WEXGSLBA: include instructions of these classes 

15 14 13 12 87 4 3 2 10 


1 ' 1 


0 1 0 1 thread | flag | S | L | W | 1 i 


I 


II 5 4 1111 


flag 


meaning 


0 


count bytes transferred cache/buffer to/from processor 


I 


count bytes transferred memory to/from cache/buffer 


2 




3 




4 


count cache hits 


5 


count cycles in which at least one cache hit occurs 


6 


count cache misses 


7 


count cycles in which at least one cache miss occurs 


a. 15 





S L W I: include instructions of these classes (Store, Load, Wide, Instruction fetch) 
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15 14 13 12 87 6 5 4 3 2 1 0 

I 1 I 0 I 1 I thread | flag |n|E|X|T|G|A| 

111 5 2 1 1 I I I 1 



flaq 


meaninq 


0 


count cycles in which a new instruction is issued 


I 


count cycles in which an execution unit is busy 


2 




3 


count cycles in which an instruction Is waltinq for issue 



n select vinit number for G or A unit 

E X T G A: include units of these classes (Ensemble, Crossbar, Translate, Group, Address) 

15 14 13 12 II 10 9 8 7 6 5 0 
|1|l|0|0|0|0|0|0|0|0| event | 

1111111111 6 



event select event number ficom event register 

15 14 13 12 11 10 9 8 7 6 5 0 

|1|1|l|0|0|0|0|0|0|0| other I 

I i 1 1 1 1 1 111 6 



Other valid values for the tally control fields are given by the following table: 



Other 


meaning 


0 


count number of instructions waiting to issue each cycle 


1 


count number of instructions waiting in spring each cycle 


2..63 


Reserved 



tally control field Interpretation 



Physical address 

The Tally Control registers appear at two different locations, for which the two registers are 
mapped. The physical address of a Tally Control register f, byte b is: 

63 1098 32 0 



FFFF FFFF OFOO 0900 63,.I0 jlj 32 | b | 

54 16 3 



Definition 

def data <~ AccessPhysicalTal(y|pa,op,wdata) as 
f 4- pa9 

case pas 1 1 op of 
0 I I R: 

data 0^6 ) I TaliyCounterffJ 
0 I I W: 

TallyCounterin <- wdata3K.o 
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1 I t R: 

data 4- 0'^2 II TallyControl[fl 
I I I W: 

TallyControl(f]<- wdatai5..o 

endcase 
enddef 

Thread Register 

The Zeus processor includes a register that effectively contains the current thread number 
that reads the register. In this way, threads running identical code can discover their own 
identity. 

It is required that a sufficient number of bits be implemented so that each thread receives a 
distinct value. Values must be consecutive, unsigned and include a zero value. The remaining 
unimplemented bits must be zero whenever read. Writes to this register are ignored. 

63 ^ 0 

I thread | 

64 
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Physical address 

The physical address of the Thread Register, byte b is: 

63 ^ 32 0 

I FFFF FFFF OFOO 0500 53 3 | b | 



61 



Definition 

def data AccessPhysican"hread(pa,op,wdataJ as 
case op of 
R: 

data ^0^4 II Thread 

W: 

// nothing 

endcase 
enddef 
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Index 

A 

Access detail required 

by global TB...96, 109, 119. 122, 125, 127, 130, 

132, 134, 287, 294, 302, 307, 310, 312, 315 
by local TB96, 109, 119, 122, 125, 127, 130, 132, 

134, 287, 293, 302, 307, 310, 312, 315 
by tag96, 108, 119, 122, 125, 127, 130, 132, 134. 

287, 293, 302, 307, 310, 312, 315 
Access disallowed 

by global TB... 96, 108, 119, 122, 125, 127, 130, 

132, 134, 287, 293, 302, 307, 310, 312, 315 
by local TB96, 108, 119, 122, 125, 127, 130, 132. 

134, 287, 293, 302, 307, 310, 312, 315 
by tag96, 108, 119, 122, 125, 127, 130, 132, 134, 

287, 293, 302, 307, 310, 312, 315 
by virtual address94, 96, 108, 111, 116, 119, 122, 

125, 127. 130, 132, 134, 287, 293. 302, 307, 



310, 312, 315 

Address 73 

add 

immediate 80 

signed 

check overflow 80 

unsigned 

check overflow 80 

signed 

check overflow 73 

unsigned 

check overflow 73 

add ; 73 

and 73 

immediate 80 

not 73 

and not 

immediate 80 

compare 
and 

equal zero 76 

not equal zero 76 

equal 76 

zero 76 

greater 

signed 76 

unsigned 76 

zero signed 76 

greater equal 

signed 76 

unsigned 76 

zero signed 76 

less 

signed 76 

unsigned 76 



zero signed 76 

less equal 

signed 76 

unsigned 76 

zero signed 76 

not equal 76 

zero 76 

Compare 76 

copy 80 

copy immediate 79 
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